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emits light with modulated frequencies; an interference
optical system that separates the light emitted from the
light source into reference light and output light and gen-
erates interference light between reflected light and the
reference light, the reflected light being generated by the
output light being reflected at a reflecting point of a phys-
ical object; a photodetector that receives the interference

of the interference light; and a processing circuit that
processes the detection signal. The processing circuit
selects a specific data format from a plurality of data for-
mats that can be outputted by the processing circuit, gen-
erates measurement data having the selected specific
data format based on the detection signal, and outputs
output data including the measurement data.

FIG. 7 100

200

~
130

OUTPUTLIGHT
pog | I
REFLECTEDLIGHT
SENSOR

! PROCESIING ORCUT -] COMUNCATONCROUT |
H

| STORAGEDEVICE |‘ 120

110

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 394 445 A1 2

Description
Technical Field

[0001] The present disclosure relates to a sensing de-
vice, a processing device, and a method of processing
data.

Background Art

[0002] Ingeneral, conventionally, there have been pro-
posed a variety of devices that scan (scan) a space with
light, detect light reflected from a physical object, and
measure a distance to the physical object. Distance in-
formation on a target scene may be converted into, for
example, three-dimensional point cloud (point cloud) da-
ta and utilized. Typically, point cloud data is data in which
a distribution of points in a scene where physical objects
are present is expressed in three-dimensional coordi-
nates.

[0003] Patent Literature 1 and Patent Literature 2 dis-
close examples of ranging devices based on FMCW (Fre-
quency Modulated Continuous Wave) method. Ranging
devices based on the FMCW method send out electro-
magnetic waves with frequencies that are modulated at
a fixed cycle and measure a distance based on a differ-
ence between frequencies of transmitting waves and re-
flected waves. When electromagnetic waves are light
such as visible light or infrared light, the ranging devices
of the FMCW method are called FMCW LiDAR (Light
Detection and Ranging). The FMCW LiDAR divides the
light with frequencies that are modulated at a fixed cycle
into output light and reference light and detects interfer-
ence light between the reference light and reflected light
that is generated by the output light being reflected by a
physical object. It is possible to calculate a distance to
the physical object and a velocity of the physical object,
based on the frequencies of the interference light. Patent
Literature 1 and Patent Literature 2 disclose performing
ranging and velocity measurement, using the ranging de-
vices based on the FMCW method.

Citation List

Patent Literature

[0004]
PTL 1: Japanese Unexamined Patent Application
Publication No. 2019-135446
PTL 2: Japanese Unexamined Patent Application
Publication No. 2011-027457

Summary of Invention

Technical Problem

[0005] The present disclosure provides techniques of
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facilitating integration or utilization of data acquired by
one or more sensing devices.

Solution to Problem

[0006] A sensingdevice according to one aspect of the
present disclosure includes a light source that emits light
with modulated frequencies; an interference optical sys-
tem that separates the light emitted from the light source
into reference light and output light and generates inter-
ference light between reflected light and the reference
light, the reflected light being generated by the output
light being reflected at a reflecting point of a physical
object; a photodetector that receives the interference
light and outputs a detection signal according to intensity
of the interference light; and a processing circuit that
processes the detection signal. The processing circuit
selects a specific data format from a plurality of data for-
mats that can be outputted by the processing circuit, gen-
erates measurement data having the selected specific
data format based on the detection signal, and outputs
output data including the measurement data.

[0007] A method according to another aspect of the
present disclosure includes obtaining output data includ-
ing measurement data, from one or more sensing devic-
es including a light source that emits frequency-modu-
lated light; an interference optical system that separates
the light emitted from the light source into reference light
and outputlightand generates interference light between
reflected light and the reference light, the reflected light
being generated by the output light being reflected at a
reflecting point of a physical object; a photodetector that
receives the interference light and outputs a detection
signal according to intensity of the interference light; and
a processing circuit that generates the measurement da-
ta based on the detection signal; discriminating a data
format of the measurement data; and generating posi-
tional information of the physical object by applying arith-
metic processing according to the discriminated data for-
mat to the measurement data.

[0008] A processing device according to other aspect
of the present disclosure includes a processor and a
memory storing a computer program that is executed by
the processor. The processor performs obtaining output
data including measurement data, from one or more
sensing devices including a light source that emits fre-
quency-modulated light; an interference optical system
that separates the light emitted from the light source into
reference light and output light and generates interfer-
ence light between reflected light and the reference light,
the reflected light being generated by the output light be-
ing reflected at a reflecting point of a physical object; a
photodetectorthatreceives the interference light and out-
puts a detection signal according to intensity of the inter-
ference light; and a processing circuit that generates the
measurement data based on the detection signal; dis-
criminating a data format of the measurement data; and
generating positional information of the physical object
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by applying arithmetic processing according to the dis-
criminated data format to the measurement data.
[0009] An inclusive or specific aspect of the present
disclosure may be implemented by a system, a device,
a method, an integrated circuit, a computer program, or
a recording medium such as a computer readable re-
cording disk, and may be implemented by any combina-
tion of the system, the device, the method, the integrated
circuit, the computer program, and the recording medi-
um. The computer readable recording medium may in-
clude a volatile recording medium, or may include a non-
volatile recording medium such as a CD-ROM (Compact
Disc-Read Only Memory). The device may include one
or more devices. If the device includes two or more de-
vices, the two or more devices may be located in one
apparatus or may be separately located in two or more
separate apparatuses. In this specification and Claims,
a "device" may mean one device as well as a system
including a plurality of devices.

Advantageous Effects of Invention

[0010] According to one aspect of the present disclo-
sure, it is possible to facilitate integration or utilization of
data acquired by one or more sensing devices.

Brief Description of Drawings
[0011]

[Fig. 1] Fig. 1 is a conceptual diagram illustrating an
example of a system for monitoring road traffic en-
vironment.

[Fig. 2] Fig. 2 is a conceptual diagram illustrating
another example of the system for monitoring the
road traffic environment.

[Fig. 3] Fig. 3 is a block diagram illustrating a more
detailed configuration example of the system illus-
trated in Fig. 1.

[Fig. 4] Fig. 4 is a block diagram illustrating a more
detailed configuration example of the system illus-
trated in Fig. 2.

[Fig. 5] Fig. 5 is a diagram illustrating a simplified
example of flow of operations and data of a server
and a sensing device in the example illustrated in
Figs. 1 and 3.

[Fig. 6] Fig. 6 is a diagram illustrating a simplified
example of flow of operations and data of a server,
amobile object, and a sensing device in the example
illustrated in Figs. 2 and 4.

[Fig. 7] Fig. 7 is a block diagram illustrating a config-
uration of a sensing device according to Embodiment
1.

[Fig. 8] Fig. 8 is a block diagram illustrating a config-
uration example of a sensor according to Embodi-
ment 1.

[Fig. 9] Fig. 9 is a block diagram illustrating an ex-
ample of a sensor in which an interference optical
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system is a fiber optical system.

[Fig. 10] Fig. 10 is a block diagram illustrating an
example of a sensor including an optical deflector.
[Fig. 11A] Fig. 11Ais a diagram illustrating an exam-
ple of changes over time in frequencies of reference
light, reflected light, and interference light, in a case
where a distance between a sensor and an object is
fixed.

[Fig. 11B] Fig. 11B is a diagram illustrating an exam-
ple of changes over time in the frequencies of the
reference light, the reflected light, and the interfer-
ence light, in a case where the sensor or the object
is moving.

[Fig. 12] Fig. 12 is a diagram for describing a relative
velocity of an object with respect to a sensor.

[Fig. 13] Fig. 13 is a diagram for describing an ex-
ample of velocity measurement when an automobile
crosses in front of a stationary sensor.

[Fig. 14] Fig. 14 is a diagram illustrating an example
of a format of data to be transmitted by a sensing
device.

[Fig. 15] Fig. 15 is a diagram illustrating another ex-
ample of a format of the data to be transmitted by
the sensing device.

[Fig. 16] Fig. 16 is a diagram illustrating other exam-
ple of a format of the data to be transmitted by the
sensing device.

[Fig. 17] Fig. 17 is a diagram illustrating other exam-
ple of a format of the data to be transmitted by the
sensing device.

[Fig. 18] Fig. 18 is a flowchart illustrating an example
of operations of a sensing device.

[Fig. 19] Fig. 19 is a diagram illustrating an example
of information recorded in a storage device.

[Fig. 20] Fig. 20 is a diagram illustrating an example
of information related to clusters stored by a storage
device.

[Fig. 21] Fig. 21 is a flowchart illustrating an example
of estimation processing of a velocity vector of a clus-
ter.

[Fig. 22A] Fig. 22A illustrates an example of criteria
for selecting three points.

[Fig. 22B] Fig. 22B illustrates another example of the
criteria for selecting three points.

[Fig. 23] Fig. 23 is a diagram for describing process-
ing of determining a common velocity vector from
velocity component vectors of the three points.
[Fig. 24] Fig. 24 is a flowchart illustrating another
example of the estimation processing of the velocity
vector of the cluster.

[Fig. 25] Fig. 25 is a diagram for describing process-
ing of dividing a cluster into a plurality of regions.
[Fig. 26] Fig. 26 is a flowchart illustrating an example
of operations of a sensing device that transmits in-
formation on a velocity component along a straight
line connecting a sensor and a data point.

[Fig. 27] Fig. 27 is a diagram illustrating an example
of information recorded in a storage device.
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[Fig. 28] Fig. 28 is a diagram illustrating a configu-
ration example of a server.

[Fig. 29] Fig. 29 is a diagram illustrating an example
of information recorded in a storage device of the
server.

[Fig. 30] Fig. 30 is a flowchart illustrating an example
of operations of the server.

[Fig. 31] Fig. 31 is a flowchart illustrating another
example of the operations of the server.

[Fig. 32] Fig. 32 is a diagram illustrating other exam-
ple of the information recorded in the storage device
of the server.

[Fig. 33] Fig. 33 is a flowchart illustrating other ex-
ample of the operations of the server.

[Fig. 34] Fig. 34 is a flowchart illustrating other ex-
ample of the operations of the server.

[Fig. 35] Fig. 35 is a flowchart illustrating an example
of an operation for a server to output information on
road conditions.

[Fig. 36] Fig. 36 is a flowchart illustrating an example
of an operation for the server to generate and trans-
mit road information.

[Fig. 37] Fig. 37 is a flowchart illustrating another
example of the operation for the server to generate
and transmit the road information.

[Fig. 38] Fig. 38 is a diagram illustrating an example
ofinformation recorded in a storage device of a sens-
ing device in Embodiment 2.

[Fig. 39] Fig. 39 is a diagram illustrating an example
of a data format outputted from the sensing device
in Embodiment 2.

[Fig. 40] Fig. 40 is a diagram illustrating another ex-
ample of the data format outputted from the sensing
device in Embodiment 2.

[Fig. 41] Fig. 41 is a diagram illustrating other exam-
ple of the data format outputted from the sensing
device in Embodiment 2.

[Fig. 42] Fig. 42 is a diagram illustrating other exam-
ple of the data format outputted from the sensing
device in Embodiment 2.

[Fig. 43] Fig. 43 is a flowchart illustrating an example
of the operations of the server in an embodiment.
[Fig. 44] Fig. 44 is a block diagram illustrating a con-
figuration example of a system including a server
and a mobile object including a sensing device in
Embodiment 3.

[Fig. 45] Fig. 45 is a diagram illustrating communi-
cation between the server and the mobile object in
Embodiment 3, and an example of processing flow
therebetween in chronological order.

[Fig. 46] Fig. 46 is a flowchart illustrating an example
of operations of the server in Embodiment 3.

[Fig. 47]Fig. 47 is a flowchart illustrating an example
of processing performed by the server when input of
asignalindicating that a person has intruded arange
of movement of the mobile object, as an example of
special processing.

[Fig. 48A] Fig. 48Ais a diagram illustrating an exam-
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[0012]

ple of a data format of data for normal processing.
[Fig. 48B] Fig. 48B is a diagram illustrating an exam-
ple of a data format of data for detailed analysis.
[Fig. 49] Fig. 49 is a flowchart illustrating an example
of processing to detect a person based on pointcloud
data.

[Fig. 50] Fig. 50 is a flowchart illustrating an example
of an operation to generate and transmit data by the
sensing device in the mobile object.

[Fig. 51] Fig. 51 is a block diagramiillustrating a sche-
matic configuration of a mobile objectin Embodiment
4.

[Fig. 52] Fig. 52 is a flowchart illustrating an example
of operations of the mobile object.

[Fig. 53] Fig. 53 is a flowchart illustrating a specific
example of operations in special processing.

[Fig. 54] Fig. 54 is a flowchart illustrating another
example of the operations in the special processing.
[Fig. 55] Fig. 55 is a diagram illustrating an example
of a data format of point cloud data to which hazard
classification information is added for each data
point.

[Fig. 56] Fig. 56 is a diagram illustrating another ex-
ample of a data format of the point cloud data to
which the hazard classification information is added
for each data point.

[Fig. 57] Fig. 57 is a diagram illustrating other exam-
ple of a data format of the point cloud data to which
the hazard classification information is added for
each data point.

[Fig. 58] Fig. 58 is a diagram illustrating other exam-
ple of a data format of the point cloud data to which
the hazard classification information is added for
each data point.

[Fig. 59] Fig. 59 is a conceptual diagram schemati-
cally illustrating an example of a system for perform-
ing calibration of a sensing device in Embodiment 5.
[Fig. 60] Fig. 60 is a block diagram illustrating a more
detailed configuration example of a system illustrat-
ed in Fig. 59.

[Fig. 61] Fig. 61 is a flowchart illustrating an example
of operations of the system in Embodiment 5.

[Fig. 62] Fig. 62 is a diagram illustrating an example
of a data format outputted from the sensing device
in Embodiment 5.

[Fig. 63] Fig. 63 is a flowchart illustrating an example
of operations of a system in Modification Example 1
of Embodiment 5.

[Fig. 64] Fig. 64 is a flowchart illustrating an example
of operations of a system in Modification Example 2
of Embodiment 5.

[Fig. 65] Fig. 65 is a diagram illustrating an example
of a data format outputted from a sensing device in
Modification Example 2 of Embodiment 5.

Description of Embodiments

Inthe presentdisclosure, all or some of a circuit,
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a unit, a device, a member, or a section, or all or some
of functional blocks in a block diagram may be executed
by one or more electronic circuits including, for example,
a semiconductor device, a semiconductor integrated cir-
cuit (IC), or an LSI (large scale integration). An LSl or an
IC may be integrated in a chip or may include a combi-
nation of a plurality of chips. For example, a functional
block other than a storage element may be integrated in
achip. Here, itis called an LSl oran IC, but a name varies
depending on a degree of integration, and may be called
a system LSI, a VLSI (very large scale integration), or a
ULSI (ultra large scale integration). An FPGA (Field Pro-
grammable Gate Array) that is programmed after an LSI
is manufactured or an RLD (reconfigurable logic device)
capable of reconfiguration of bonding relations within the
LSI or setup of circuit sections within the LSI can also be
used for the same purpose.

[0013] Furthermore, functions or operations of all or
some of the circuit, the unit, the device, the member, or
the section can be performed through software process-
ing. In this case, software is recorded in a non-transitory
recording medium such as one or more ROMs, optical
disks, hard disk drives. When the software is executed
by a processing device (processor), a function specified
by the software is performed by the processing device
or peripheral devices. A system or a device may include
one or more non-transitory recording media having soft-
ware recorded therein, a processing device, and neces-
sary hardware devices such as an interface.

<Example of System Monitoring Road Traffic Environ-
ment>

[0014] Before describing embodiments of the present
disclosure, a description is given of an example of a sys-
tem to which a sensing device and a processing device
according to an embodiment of the present disclosure
are applicable.

[0015] Fig. 1 is a conceptual diagram schematically
illustrating an example of a system for monitoring road
traffic environment. The system includes a server 500
and one or more fixed bodies 400. Fig. 1 also illustrates
two mobile objects 300 that are external elements of the
system. Fig. 1 exemplifies three fixed bodies 400 by way
of example, but the number of fixed bodies 400 is arbi-
trary. Each of the fixed bodies 400 may be a public prop-
erty such as a traffic light, lighting equipment, an electric
pole, or a guardrail, or other infrastructure. Each fixed
body 400 includes a sensing device 100 such as a rang-
ing device. The sensing device 100 in each fixed body
400 detects the mobile objects 300 that are presentin a
surrounding area. Each mobile object 300 is, for exam-
ple, a vehicle such as an automobile or a two-wheel ve-
hicle. The sensing device 100 is connected to the server
500 via a network 600 and transmits acquired data to the
server 500.

[0016] The sensing device 100 mounted on the fixed
body 400 includes one or more sensors. Each sensor

10

15

20

25

30

35

40

45

50

55

may be, forexample, a sensor that acquires datafor rang-
ing, such as an FMCW LiDAR including a light source
and a light sensor. The sensing device 100 may include
aplurality of sensors that are located at different positions
and in different orientations. The sensing device 100 can
sequentially generate and output measurement data in-
cluding positional information and velocity information of
a physical object present in the surrounding area. The
measurement data may include, for example, data indi-
cating a position of each point in a three-dimensional
point cloud and data indicating a velocity at each point.
In the following description, unless otherwise stated, the
three-dimensional point cloud is simply referred to as a
"point cloud" or a "point cloud". Data including positional
information of each point in the three-dimensional point
cloud is referred to as "point cloud data".

[0017] The sensing device 100 is not limited to the
ranging device including the light source and the light
sensor but may be aranging device that performs ranging
and velocity measurement with another method. For ex-
ample, a ranging device that performs ranging using ra-
dio waves such as millimetric-waves may also be used.
Alternatively, instead of performing ranging, a device that
outputs measurement data including spectrum informa-
tion of interference light between reflected light that is
reflected by a physical object and light that is emitted
from a light source may be used as the sensing device
100. In that case, the server 500 that has acquired meas-
urement data from the sensing device 100 can calculate
a distance from the sensing device 100 to the physical
object and a velocity of the physical object based on the
spectrum information of the interference light.

[0018] The server 500 includes a processing device
530 and a storage device 540. The server 500 acquires,
for example, data indicating a position and attitude of the
sensing device 100 and the measurement data, from the
sensing device 100 in each of the fixed bodies 400. The
processing device 530 can integrate the measurement
data acquired from each sensing device 100 to sequen-
tially generate data indicating the road environment and
record the data in the storage device 540. The processing
device 530 can generate point cloud data that is repre-
sented by a predetermined three-dimensional coordinate
system, for example and to which the velocity information
foreach pointhas been added. When an accidentoccurs,
for example, such data may be utilized for the purpose
of examining a cause of the accident. A coordinate sys-
tem of the point cloud data generated by the server 500
may be a coordinate system specific to the server 500
or may match a coordinate system of three-dimensional
map data utilized by the server 500. Alternatively, an ad-
ministrator of the server 500, or the like, may operate the
server 500 to specify the coordinate system of the point
cloud data.

[0019] Fig. 2 is a conceptual diagram schematically
illustrating another example of the system that monitors
the road traffic environment. In the example illustrated in
Fig. 2, the plurality of fixed bodies 400 each including the
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sensing device 100 is placed near a junction point of ex-
pressways or the like. In this example, the server 500
distributes information to one or more of the mobile ob-
jects 300 via the network 600. The processing device
530 of the server 500 integrates the measurement data
acquired from each sensing device 100 to sequentially
generate data indicating the road environment, and
records the data in the storage device 540. The process-
ing device 530 can further distribute, to each of the mobile
objects 300, information such as a position of another
mobile object in the surroundings or the like, via the net-
work 600. The distributed information may be used for
the purpose of avoiding any danger at a point such as a
junction point of expressways where there is a blind spot
from a driver or a sensor such as a camera in a drive
support system due to a road structure.

[0020] Note that although the sensing device 100 is
provided in the fixed body 400 in each example described
above, the sensing device 100 may be provided in the
mobile object 300. The server 500 may similarly acquire
measurement data from the sensing device provided in
the mobile object 300 as well as from the sensing device
100 provided in the fixed body 400. Data to be transmitted
from the sensing device provided in the mobile object
300 to the server 500 may include, for example, data
indicating the velocity of the mobile object 300 itself, in
addition to data indicating the position and the attitude
of the sensing device and measurement data for calcu-
lating positions and velocities of surrounding physical ob-
jects. Inthat case, the processing device 530 of the server
500 can generate data indicating more details of the road
environment based on the data acquired from the sens-
ing device in each of the fixed body 400 and the mobile
object 300.

[0021] The server 500 may store, in the storage device
540, the information indicating the position and the atti-
tude of the sensing device 100 in each of the fixed bodies
400in advance. Inthat case, the data acquired from each
sensing device 100 by the server 500 does not have to
include the information indicating the position and the
attitude of the sensing device 100. Alternatively, the serv-
er 500 may estimate the position, the attitude, and ve-
locity of each of the sensing devices 100 based on the
measurementdata acquired from the sensing device 100
in each of the fixed bodies 400 and the mobile objects
300.

[0022] Next, an example a configuration of the system
illustrated in Figs. 1 and 2 will be described in more detail
with reference to Figs. 3 and 4.

[0023] Fig. 3 is a block diagram illustrating a more de-
tailed configuration example of the system illustrated in
Fig. 1. By way of example, Fig. 3 exemplifies the three
sensing devices 100 respectively provided in three fixed
bodies 400. The number of the sensing devices 100 is
arbitrary and may be singular.

[0024] Each of the sensing devices 100 illustrated in
Fig. 3 includes the plurality of sensors 200 and a com-
munication circuit 120. The positions and the attitudes of
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the plurality of sensors 200 differ from each other. Each
of the sensors 200 performs ranging and velocity meas-
urement and generates and outputs sensor data includ-
ing positional data of each point in the three-dimensional
point cloud and velocity data at each point. The sensor
data outputted from each of the sensors 200 is transmit-
ted to the server 500 by the communication circuit 120.
Note that the number of the sensors 200 provided in the
sensing device 100 is arbitrary and may be singular. In
addition, instead of providing the communication circuit
120 for each of the sensing devices 100, each of the
sensors 200 may include a communication circuit.
[0025] Fig. 3 exemplifies more details of a configura-
tion of only one of the sensors 200. The sensor 200 in
this example includes a light source 210, an interference
optical system 220, a photodetector 230, a processing
circuit 240, and a clocking circuit 250. The light source
210 may include a laser light emitting element that emits
laser light. The light source 210 is controlled by the
processing circuit 240 and may be configured to emit
light whose frequency is modulated periodically in time.
The light source 210 may also include a beam scanning
feature that scans a scene by changing a direction of
emitted light. The beam scanning feature makes it pos-
sible to irradiate a plurality of physical objects with beams
of the emitted light over a wide range of the surrounding
environment. The interference optical system 220 gen-
erates interference light between reflected light, emitted
from the light source 210 and reflected at a reflecting
point of the physical object, and emitted light from the
light source 210, and causes the interference light to en-
ter the photodetector 230. The photodetector 230 re-
ceives the interference light and generates and outputs
an electric signal according to intensity of that interfer-
ence light. This electric signal is referred to as a "detection
signal" in the following description. The processing circuit
240 can calculate a distance to the reflecting point and
avelocity at the reflecting point by analyzing the frequen-
cy of the detection signal. The processing circuit 240 can
generate point cloud data by calculating the distance to
the reflecting point while scanning the scene with the
laser light. The clocking circuit 250 is a circuit that in-
cludes a clock function, such as real-time clock (RTC),
for example. The processing circuit 240 generates and
outputs data including information on the distance to
each reflecting point and on velocity as well as time in-
formation.

[0026] The sensing device 100 generates measure-
ment data by subjecting data outputted from each of the
sensors 200 to necessary processing such as coordinate
transformation, and transmits the measurement data
from the communication circuit 120 to the server 500.
The sensing device 100 transmits a batch of data to the
server 500, for example, at fixed time intervals.

[0027] Inthe presentdisclosure, a batch of data trans-
mitted from the sensing device 100 may be referred to
as a "frame". This may or may not match a "frame" that
is a unit of image data outputted from an image sensor.
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The sensing device 100 may repeatedly output, for ex-
ample, point cloud data including information on the ve-
locity at each point and measurement time, at a fixed
frame rate, for example. It is also possible to associate
one frame of point cloud data in association with one time
and output the point cloud data.

[0028] In this manner, each of the sensors 200 utilizes
the FMCW technology to acquire data necessary for
ranging and velocity measurement of the target scene.
Note that it is not necessary that every sensor 200 be
the FMCW LiDARs. Some of the sensors 200 may be
radars using radio waves such as the millimetric-waves.
[0029] Note thatthe processing circuit 240 may output,
as the sensor data, spectrum information of the detection
signal, which is information in the previous stage, without
calculating distance and velocity of each reflecting point.
The spectrum information may include, for example, in-
formation indicating power spectrum of the detection sig-
nal or a peak frequency in the power spectrum of the
detection signal. If the processing circuit 240 outputs the
spectrum information of the detection signal, calculation
of the distance and the velocity is performed by, for ex-
ample, the processing device 530 of the server 500, and
not by the sensor 200.

[0030] The server 500 includes a communication de-
vice 550, in addition to the processing device 530 and
the storage device 540. The processing device 530 se-
quentially acquires measurement data from each of the
sensing devices 100 via the communication device 550
and records the measurement data in the storage device
540. The processing device 530 performs necessary
processing such as time checking and coordinate trans-
formation of the acquired measurement data. This allows
the processing device 530 to generate point cloud data
integrated at a specific time and at a specific location and
velocity data of each point.

[0031] Fig. 4 is a block diagram illustrating a more de-
tailed configuration example of the system illustrated in
Fig. 2. By way of example, Fig. 4 exemplifies the two
sensing devices 100 and the two mobile objects 300 pro-
vided in each of the two fixed bodies 400. The number
of each of the sensing devices 100 and the mobile objects
300 is arbitrary and may be singular. A configuration of
each of the sensing devices 100 is similar to the example
as illustrated in Fig. 3.

[0032] Each of the mobile objects 300 in the example
of Fig. 4 includes a communication device 310, a con-
troller 320, and a drive device 330. The drive device 330
includes various types of devices necessary for running
and steering of the mobile object 300. The controller 320
controls the running and the steering of the mobile object
300 by controlling the drive device 330. The communi-
cation device 310 receives traffic information of the sur-
roundings via the network 600 from the server 500. The
processing device 530 of the server 500 sequentially ac-
quires measurement data from each of the sensing de-
vices 100 via the communication device 550 and causes
the storage device 540 to store the measurement data.
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The processing device 530 performs necessary process-
ing such as the time checking and the coordinate trans-
formation of the acquired measurement data and gener-
ates the point cloud data integrated at the specific time
and at the specific location and the velocity data of each
point. The processing device 530 transmits the generat-
ed data to each of the mobile objects 300 via the com-
munication device 550. The controller 320 of each of the
mobile objects 300 controls the drive device 330 based
on the data transmitted from the server 500, thereby con-
trolling the velocity of the mobile object 300 and the steer-
ing operation. This makes it possible to avoid dangers
such as collisions with other mobile objects.

[0033] Fig. 5 is a diagram illustrating a simplified ex-
ample of flow of operations and data of the server 500
and the sensing device 100 in the example illustrated in
Figs. 1 and 3. For simplicity, in Fig. 5, a plurality of the
sensing devices 100 is represented collectively as one
sensing device.

[0034] Eachofthe sensingdevices 100 repeatedly per-
forms sensing and sequentially generates measurement
data including information on the position to each reflect-
ing point on a physical object surface in the scene, the
velocity at each reflecting point, and time. The measure-
ment data is transmitted to the server 500. The process-
ing device 530 of the server 500 performs the necessary
processing such as the time checking and the coordinate
transformation of the acquired measurement data and
records the measurement data in the storage device 540.
Such operations may be repeated at a fixed cycle, for
example.

[0035] The server 500 may receive, from outside, a
command requesting analysis of road environment at a
specific date and time and at a specific location. In that
case, the processing device 530 of the server 500 ac-
quires data on the relevant date and time and the location
from the storage device 540 and generates and outputs
data correspondingto the request. Such operations allow
for acquisition of data, which helps in elucidation of the
cause of accident, for example.

[0036] Fig. 6 is a diagram illustrating a simplified ex-
ample of flow of operations and data of the server 500,
the mobile object 300, and the sensing device 100 in the
example illustrated in Figs. 2 and 4. For simplicity, in Fig.
6, the plurality of mobile objects 300 is represented col-
lectively as one mobile object, and the plurality of sensing
devices 100 is collectively represented as one sensing
device.

[0037] Similarly to the example of Fig. 5, each of the
sensing devices 100 repeatedly performs sensing and
sequentially generates measurement data including in-
formation on the position to each reflecting point on the
physical object surface in the scene, the velocity at each
reflecting point, and time. The measurement data is
transmitted to the server 500. The processing device 530
of the server 500 performs the necessary processing
such as the time checking and the coordinate transfor-
mation of the acquired measurement data and records
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the measurement data in the storage device 540. Such
operations may be repeated at a fixed cycle, forexample.
[0038] Each ofthe mobile objects 300 transmitsits own
positional data to the server 500, for example, at a fixed
cycle or at necessary timing. When receiving the posi-
tional data of the mobile object 300, the server 500 de-
termines whether or not the mobile object 300 is ap-
proaching a specific area such as a junction point of ex-
pressways. When recognizing that the mobile object 300
is approaching the specific area, the server 500 transmits
point cloud data with velocity information in the specific
area to the mobile object 300. The controller 320 of the
mobile object 300 controls the drive device 330 based
on the transmitted point cloud data. As aresult, the mobile
object 300 performs running control such as deceleration
according to the road conditions, avoidance of obstacles,
or the like.

[0039] According to the system described above, the
point cloud data, to which the velocity information is at-
tached, can be generated for each reflecting point, based
on the data acquired by each of the sensing devices 100.
This makes it possible to generate traffic information in-
cluding information on a traveling velocity in addition to
positions of physical objects such as other mobile objects
that are present in an environment through which the
mobile object 300 travels. Such traffic information makes
it possible to provide detailed confirmation of accident
conditions, accurate notification on approaching other
mobile objects in dangerous areas and surrounding ar-
eas thereof, such as a junction point of expressways that
are not easy to visibly recognize.

[0040] In addition, although the server 500 and each
of the sensing devices 100 communicate via the network
600 in each system described above, the present em-
bodiment is not limited to such a configuration. For ex-
ample, the server 500 and each of the sensing devices
100 may communicate via a dedicated communication
line. The communication line may be wired or wireless.
Alternatively, a processing device having functions sim-
ilar to those of the above-mentioned server 500 and the
sensing device 100 may be configured to be directly con-
nected and communicate within one system.

[0041] In such a system described above, each of the
sensing devices 100 does not necessarily have an iden-
tical configuration, and the sensing devices 100 having
different specifications and performance may coexist.
For example, the plurality of sensing devices 100 man-
ufactured by different manufacturers or the plurality of
sensing devices 100 that are manufactured by a same
manufacturer but are of different models may coexist in
one system. Such a plurality of sensing devices 100 may
have mutually different data output formats or may be
able to select more than one output format depending on
the model. For example, there may be such situations
that one sensing device 100 outputs measurement data
including information on the position and the velocity of
each reflecting point, while other sensing device 100 out-
puts measurement data including information on the po-
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sition of each reflecting point and a spectrum of a detec-
tion signal. In that case, it is difficult for the processing
device such as the server 500 to integrate data outputted
from the plurality of sensing devices 100 and generate
point cloud data of a specific time/area.

[0042] In order to solve the problem described above,
each of the sensing devices may include, in measure-
ment data, identification information indicating a format
of the measurement data that it outputs and transmits it
to the processing device. The processing device may
change arithmetic processing based on the measure-
ment data, on the basis of the identification information
indication of the format of the measurement data. This
can facilitate integration of sensor data having different
data formats.

[0043] Ina certain embodiment, the processing device
may transmit a request signal specifying a format of
measurement data to each of the sensing devices. The
sensing devices that have received the request signal
may generate measurement data in the format specified
by the request signal and transmit the measurement data
to the processing device. For example, the sensing de-
vices can output the measurement data in a plurality of
different formats and may be able to select the data for-
mat according to the request signal. Such a configuration
allows the processing device to acquire necessary data
from each of the sensing devices according to the cir-
cumstances. This facilitates the integration of the data
acquired by the plurality of sensing devices, and makes
it possible to realize detailed analysis of an environment
surrounding the sensing devices, provision of appropri-
ate information to mobile objects present in the environ-
ment, or the like.

[0044] Hereinafter, an overview of the embodiments
of the present disclosure will be described.

[0045] A sensing device according to one embodiment
ofthe presentdisclosure includes a light source thatemits
frequency-modulated light; an interference optical sys-
tem that separates the light emitted from the light source
into reference light and output light and generates inter-
ference light between the reference light and reflected
light generated by the output light being reflected at a
reflecting point of a physical object; a photodetector that
receives the interference light and outputs a detection
signal according to intensity of the interference light; and
a processing circuit that processes the detection signal.
The processing circuit selects a specific data format from
a plurality of data formats that can be outputted by the
processing circuit, generates measurement data having
the selected specific data format based on the detection
signal, and outputs output data including the measure-
ment data.

[0046] Accordingtothe configurationdescribed above,
a specific data format can be selected from a plurality of
data formats, and output data including measurement
data having the specific data format can be outputted.
Therefore, a data format to be outputted can be changed
flexibly in accordance with, for example, the data format
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requested by another device or an output data format of
other sensing data. This can facilitate the integration or
utilization of data outputted from the sensing device and
other sensing devices.

[0047] The processing circuit may be a collection of a
plurality of processing circuits. Functions of the above
processing circuit can be implemented in collaboration
with, for example, the processing circuit 240 in each sen-
sor200illustrated in Figs. 3 and 4 and a processing circuit
(or a processing device) that generates output data to be
transmitted to the server 500 based on the measurement
data outputted from each of the sensors 200.

[0048] In the present disclosure, "measurement data"
may be data thatis generated based on a detection signal
and that includes information on the positions or the ve-
locity of one or more reflecting points or physical objects.
"Output data" may be, forexample, data to be transmitted
to another device such as a storage device or a server.
In addition to the measurement data, the output data may
include various types of data used in processing per-
formed by other devices. For example, the output data
may include an identification number of the sensing de-
vice, information indicating the position and the orienta-
tion of the sensing device, and identification information
indicating the data format of the measurement data, or
the like.

[0049] The processing circuit may generate positional
information of the reflecting point based on the detection
signal, and generate the measurementdata including the
positional information. The processing circuit may gen-
erate, for example, point cloud data including the posi-
tional information of a plurality of the reflecting points as
the measurement data.

[0050] The processing circuit may generate velocity in-
formation of the reflecting point based on the detection
signal, and generate the measurementdata including the
velocity information. The velocity information may be in-
formation indicating, for example, a relative velocity vec-
tor of the reflecting point with respect to the sensing de-
vice or a component of the relative velocity vector in a
direction along a straight line connecting the sensing de-
vice and the reflecting point.

[0051] The processing circuit may generate spectrum
information of the interference light based on the detec-
tion signal and generate the measurement data including
the spectrum information. This makes it possible to out-
put output data including the spectrum information of in-
terference light. The spectrum information may include,
for example, information on a power spectrum of the de-
tection signal or a peak frequency of the power spectrum.
Another device that has acquired the information can
generate velocity information of the reflecting point based
on the information.

[0052] The processing circuit may generate the posi-
tional information and the velocity information of the re-
flecting point based on the detection signal; generate in-
formation indicating a degree of danger of the physical
object based on the velocity information; and generate
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the measurement data including the positional informa-
tion and the information indicating the degree of danger.
This allows output data including the positional informa-
tion and the information indicating the degree of danger
of the reflecting point to be outputted.

[0053] The processing circuit may generate positional
information and velocity information of each of the plu-
rality of reflecting points irradiated with the output light;
divide a plurality of reflecting points to one or more clus-
ters based on the positional information and determine
one velocity vector for each cluster based on the velocity
information of three or more reflecting points included in
each cluster; and generate the measurementdata includ-
ing information indicating the velocity vector of each clus-
ter. This allows output data including the information on
the velocity vector of each cluster to be outputted.
[0054] The processing circuit may include the identifi-
cation information indicating the specific data format in
the output data and output the output data. This makes
it possible for another device that has acquired the output
datato recognize the data format of the outputdata based
on the identification information and perform arithmetic
processing according to the data format.

[0055] The processing circuit may select the specific
data format from the plurality of data formats according
to a request signal inputted from another device. This
makes it possible to generate measurement data having
the specific data format requested by the other device.
[0056] The sensing device may further include a com-
munication circuit that transmits the output data to the
other device. This makes it possible to transmit the output
data to the other device such as a processing device
(server, for example) connected to the sensing device
via, for example, a network or a line within the system.
[0057] A method according to another embodiment of
the present disclosure is a method of processing output
data outputted from one or more sensing devices. The
one or more sensing devices each include a light source
that emits frequency-modulated light; an interference op-
tical system that separates the light emitted from the light
source into reference light and output light and generates
interference light between reflected light and the refer-
ence light, the reflected light being generated by the out-
put light being reflected at a reflecting point of a physical
object; a photodetector that receives the interference
light and outputs a detection signal according to intensity
of the interference light; and a processing circuitthat gen-
erates the measurement data based on the detection sig-
nal. The method includes obtaining output data including
the measurement data, discriminating a data format of
the measurement data; and generating positional infor-
mation of the physical object by applying arithmetic
processing according to the discriminated data format to
the measurement data.

[0058] According to the method described above, the
positional information of the physical object can be gen-
erated through the arithmetic processing according to
the data format of the measurement data in the output
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data acquired from the sensing device. Consequently,
even if measurement data in a different data format is
acquired from a plurality of sensing devices, for example,
integration of the measurement data can be facilitated
by the arithmetic processing according to the data format.
[0059] The method may further include generating ve-
locity information of the physical object by applying the
arithmetic processing according to the discriminated data
format to the measurement data.

[0060] When the data format of the measurement data
is a data format that includes velocity component infor-
mation indicating the component of the relative velocity
vector in the direction along the straight line connecting
the sensing device and the reflecting point, the method
may further include generating velocity vector informa-
tion of the physical object based on the velocity compo-
nent information.

[0061] The measurement data may include positional
information and velocity information of each of the plu-
rality of reflecting points irradiated with the output light.
The method may include dividing the plurality of reflecting
points to one or more clusters based on the positional
information, determining one velocity vector for each
cluster based on the velocity information of three or more
reflecting points included in each cluster, and outputting
information on the velocity vector of each cluster as ve-
locity vector information of the physical object.

[0062] The one or more sensing devices may be a plu-
rality of sensing devices. The output data acquired from
each of the plurality of sensing devices may include in-
formation indicating positions and orientations of the
sensing devices. The positional information of the phys-
ical object may be generated based on the information
indicating the positions and the orientations of the plu-
rality of sensing devices.

[0063] When the data format of the measurement data
is a data format including spectrum information of the
detection signal, the method may include generating po-
sitional information of the physical object and velocity
vector information of the physical object based on the
spectrum information.

[0064] The spectrum information may include, for ex-
ample, information on a power spectrum of the detection
signal or the peak frequency of the power spectrum.
[0065] When the data format of the measurement data
is a data format thatincludes power spectrum information
indicating the power spectrum of the detection signal or
a data format that includes peak frequency information
indicating the peak frequency of the power spectrum of
the detection signal, the method may include generating
positional information of the physical object and velocity
vector information of the physical object, based on the
power spectrum information or the peak frequency infor-
mation.

[0066] The method may further include transmitting a
request signal specifying the data format of the meas-
urement data to the one or more sensing devices.
[0067] The one or more sensing devices may be
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mounted on a mobile object. The request signal may be
transmitted to the one or more sensing devices when
abnormality is detected in the mobile object itself orin an
environment in which the mobile object runs.

[0068] The output data may include identification infor-
mation indicating the data format of the measurement
data. The discrimination of the data format may be per-
formed based on the identification information.

[0069] The method may further include outputting a
signal for controlling operations of a mobile object based
on the positional information of the physical object.
[0070] A processing device according to yet another
embodiment of the present disclosure includes a proc-
essor and a memory in which a computer program exe-
cuted by the processor is stored. The processor performs
obtaining output data including measurement data, from
one or more sensing devices including a light source that
emits frequency-modulated light; an interference optical
system that separates the light emitted from the light
source into reference light and output light and generates
interference light between reflected light and the refer-
ence light, the reflected light being generated by the out-
put light being reflected at a reflecting point of a physical
object; a photodetector that receives the interference
light and outputs a detection signal according to intensity
of the interference light; and a processing circuitthat gen-
erates the measurement data based on the detection sig-
nal; discriminating a data format of the measurement da-
ta; and generating positional information of the physical
object by applying arithmetic processing according to the
discriminated data format to the measurement data.
[0071] Hereinafter, the exemplary embodiments of the
present disclosure will be described specifically. Note
that all of the embodiments to be described below rep-
resents aninclusive or specific example. Numeric values,
shapes, components, arrangement positions and con-
nection forms of components, steps, and order of steps,
orthelike, illustrated in the embodiments below are mere-
ly examples, and are not intended to be limiting to the
present disclosure. In addition, among components in
the following embodiments, a component not described
in independent claims that represent the primary com-
ponent, will be described as an arbitrary component. In
addition, each figure is a schematic diagram and not nec-
essarily illustrated strictly. Furthermore, in each diagram,
same or similar components are denoted by same refer-
ence numerals. An overlapping description may be omit-
ted or simplified.

(Embodiment 1)

[0072] First, a first embodiment of the present disclo-
sure will be described.

[0073] The sensing device according to the present
embodimentis aranging device thatincludes one or more
sensors and a communication circuit. Each sensor has
FMCW LiDAR functionality. Each sensor generates and
outputs sensor data including information related to po-
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sitions and velocities of the plurality of reflecting points
in a scene to be observed. The communication circuit
transmits the sensor data outputted from each sensor to
the server 500 illustrated in Fig. 3 or 4, according to a
predetermined output format.

[1-1. Configuration of Sensing Device]

[0074] Fig. 7 is a block diagram illustrating a configu-
ration of the sensing device 100 according to Embodi-
ment 1. The sensing device 100 includes the one or more
sensors 200, the processing circuit 110, the communi-
cation circuit 120 and a storage device 130. Fig. 7 illus-
trates the plurality of sensors 200, but the number of the
sensors 200 is arbitrary and may be singular.

[0075] The processing circuit 110 is, for example, a
circuit including a processor such as a CPU (Central
Processing Unit) or a GPU (Graphics Processing Unit).
The processing circuit 110 operates by executing a com-
puter program stored in the storage device 130, for ex-
ample. The processing circuit 110 acquires sensor data
outputted from the one or more sensors 200 included in
the sensing device 100, and converts positional informa-
tion and velocity information of a plurality of points into
output data in a predefined data format for communica-
tion, the positional information and the velocity informa-
tion being measured during a predefined time section.
[0076] The communication circuit 120 is a communi-
cation module that performs data transmission and re-
ception. The communication circuit 120 transmits output
data generated by the processing circuit 110 to the server
500. The communication circuit 120 may be configured
to receive a data request signal specifying a specific data
format from an external device such as the server 500.
In that case, the processing circuit 110 generates output
data in the specified data format.

[0077] The storage device 130 includes any one or
more storage media, such as a semiconductor memory,
a magnetic storage medium, an optical storage medium.
The storage device 130 stores data generated by the
processing circuit 110 and a computer program executed
by the processing circuit 240. The storage device 130
stores information related to a position and attitude of the
sensing device 100 such as fixed information indicating
a position and attitude of each of the sensors 200 includ-
ed in the sensing device 100. The storage device 130
further stores the sensor data acquired by the processing
circuit 110 from each of the sensors 200 according to a
processing process of the processing circuit 110.
[0078] Fig. 8 is a block diagram illustrating a configu-
ration example of the sensor 200 according to the present
embodiment. In Fig. 8, thick arrows represent flow of light
and thin arrows represent flow of a signal or data. Fig. 8
alsoillustrates an object whose distance and velocity are
a measurement object, and the processing circuit 110
connected to the sensor 200. The object may be, for ex-
ample, a mobile object such as an automobile or two-
wheel vehicle.
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[0079] The sensor 200 illustrated in Fig. 8 includes the
light source 210, the interference optical system 220, the
photodetector 230, the processing circuit 240, and the
clocking circuit 250. The light source 210 can change a
frequency or a wavelength of light to be emitted, in re-
sponse to a control signal outputted from the processing
circuit 240. The interference optical system 220 sepa-
rates the emitted light from the light source 210 into ref-
erence light and output light and generates interference
light by causing reflected light to interfere with the refer-
ence light, the reflected light being generated by the out-
put light being reflected by the object. The interference
light enters the photodetector 230.

[0080] The photodetector 230 receives the interfer-
ence light and generates and outputs an electric signal
according to intensity of the interference light. The elec-
tric signal is referred to as a "detection signal". The pho-
todetector 230 includes one or more light receiving ele-
ments. A light receiving element includes, for example,
a photoelectric converter such as a photodiode. The pho-
todetector 230 may be a sensor such as animage sensor
in which a plurality of light receiving elements is two-di-
mensionally arranged.

[0081] The processing circuit 240 is an electronic cir-
cuit that controls the light source 210 and performs
processing based on the detection signal outputted from
the photodetector 230. The processing circuit 240 may
include a control circuit that controls the light source 210
and a signal processing circuit that performs signal
processing based on the detection signal. The process-
ing circuit 240 may be configured as a circuit or may be
a collection of a plurality of separate circuits. The
processing circuit 240 transmits a control signal to the
light source 210. The control signal causes the light
source 210 to periodically change the frequency of the
emitted light within a predetermined range. In other
words, the control signal is a signal to sweep the frequen-
cy of the light emitted from the light source 210.

[0082] The light source 210 in this example includes a
drive circuit 211 and a light emitting element 212. The
drive circuit 211 receives the control signal outputted
from the processing circuit 240, generates a drive current
signal according to the control signal, and inputs the drive
current signal to the light emitting element 212. The light
emitting element 212 may be, for example, an element,
such as a semiconductor laser element, that emits highly
coherentlaser light. The light emitting element 212 emits
frequency-modulated laser light in response to the drive
current signal.

[0083] The frequency of laser light emitted from the
light emitting element 212 is modulated at a fixed cycle.
A frequency modulation cycle may be greater than or
equal to 1 microsecond (s) and less than or equal to 10
millisecond (ms), for example. A frequency modulation
amplitude may be greater than or equal to 100 MHz and
less than or equal to 1THz, for example. A wavelength
of laser light may be included in a near-infrared wave-
length band of greater than or equal to 700 nm and less
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than or equal to 2000 nm, for example. In sunlight, an
amount of light of the near-infrared light is less than that
of visible light. Therefore, use of the near-infrared light
as the laser light can reduce influence of sunlight. De-
pending on an application, the wavelength of laser light
may be included in the wavelength band of the visible
light of greater than or equal to 400 nm and less than or
equal to 700 nm or in a wavelength band of ultraviolet
light.

[0084] The control signal inputted from the processing
circuit 240 to the drive circuit 211 is a signal a voltage of
which fluctuates at a predetermined cycle and with a pre-
determined amplitude. The voltage of the control signal
may be modulated like a triangular wave or a saw wave,
for example. A control signal like the triangular wave or
the saw wave, a voltage of which repeatedly changes
linearly, makes it possible to sweep the frequency of the
light emitted from the light emitting element212in a near-
ly linear form.

[0085] The interference optical system 220 in the ex-
ample illustrated in Fig. 8 includes a divider 221, a mirror
222, and a collimator 223. The divider 221 divides the
laser light emitted from the light emitting element 212 of
the light source 210 into the reference light and the output
light, and combines the reflected light from the object and
the reference light, thereby generating the interference
light. The mirror 222 reflects the reference light and re-
turns the reference light to the divider 221. The collimator
223 includes a collimator lens, and irradiates the object
with the output light with a near parallel spread angle.
[0086] The interference optical system 220 is not lim-
ited to the configuration illustrated in Fig. 8 and may be
a fiber optical system, for example. In that case, a fiber
coupler may be used as the divider 221. The reference
light does not necessarily have to be reflected by the
mirror 222, and the reference light may be returned to
the divider 221 by routing of optical fibers, for example.
[0087] Fig.9is ablock diagram illustrating an example
ofthe sensor 200 in which the interference optical system
220 is the fiber optical system. In the example illustrated
in Fig. 9, the interference optical system 220 includes a
first fiber splitter 225, a second fiber splitter 226, and an
optical circulator 227. Thefirst fiber splitter 225 separates
laser light 20 emitted from the light source 210 into ref-
erence light 21 and output light 22. The first fiber splitter
225 causes the reference light 21 to enter the second
fiber splitter 226, and causes the output light 22 to enter
the optical circulator 227. The optical circulator 227 caus-
es the output light 22 to enter the collimator 223. The
optical circulator 227 also causes reflected light 23 to
enter the second fiber splitter 226, the reflected light 23
being generated by irradiating the object with the output
light 22. The second fiber splitter 226 causes interference
light 24 between the reference light 21 and the reflected
light 23 to enter the photodetector 230. The collimator
223 shapes abeam shape of the outputlight 22 and emits
the output light 22 toward the object. Similarly to the con-
figuration illustrated in Fig. 8, such a configuration also

10

15

20

25

30

35

40

45

50

55

12

22

allows for ranging and velocity measurement of the ob-
ject.

[0088] The sensor 200 may further include an optical
deflector that changes the direction of emitted light. Fig.
10is a block diagram illustrating an example of the sensor
200 including an optical deflector 270. The optical de-
flector 270 may include a MEMS (Micormechanical Elec-
trosystem) mirror or a galvanometer mirror, for example.
The optical deflector 270 can change the emission direc-
tion of the output light 22 by changing an angle of the
mirror in accordance with a command from the process-
ing circuit 240. Consequently, ranging in a wide range
can be realized by beam scanning.

[0089] In the example of Fig. 10, the optical deflector
270 is added to the configuration illustrated in Fig. 9, but
a configuration may be adopted in which the optical de-
flector 270 is added to the configuration illustrated in Fig.
8. The optical deflector 270 is not limited to the configu-
rations described above, and may be a beam scanning
device using an optical phased array or a slow light
waveguide, for example, as described in International
Publication No. WO 2019/230720.

[1-2. Measurement Data Outputted from Sensing Device]

[0090] Next, a description will be given of ranging and
velocity measurement by the FMCW-Lidar used in the
present embodiment. The ranging and velocity measure-
ment by the FMCW-LIDAR method are carried out by
analyzing the frequency of interference light generated
by the interference between the frequency-modulated
reference light and the reflected light.

[0091] Fig. 11Aillustrates an example of changes over
time inthe frequencies of the reference light, the reflected
light, and the interference light, in a case where adistance
between the sensor 200 and the object is fixed (when
both are stationary, for example). Here, a description is
given of a case where frequency f of the emitted light
from the light source 210 changes like the triangular
wave, and a rate of change in frequency per unit time is
same in a period during which the frequency increases,
and in a period during which the frequency decreases.
In the following description, the period during which the
frequencyincreasesis referred to as an "up-chirp period",
and the period during which the frequency decreases
over time is referred to as a "down-chirp period". In Fig.
11A, dotted lines represent the reference light, broken
lines represent the reflected light, and thick solid lines
represent the interference light. With respect to the ref-
erence light, the reflected light from the object is accom-
panied by a time delay according to the distance. As a
result, there occurs a certain difference depending on
the distance between the frequency of the reflected light
and the frequency of the reference light, except for the
time around a turnaround point in the frequency modu-
lation. The interference lighthas afrequency correspond-
ing to the frequency difference between the reference
light and the reflected light. Thus, except for the time
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around the turnaround point in the frequency modulation,
frequency fUlp of the interference light in the up-chirp pe-
riod is equal to frequency fy,,, of the interference light
in the down-chirp period. The photodetector 230 outputs
a detection signal indicating the intensity of the interfer-
ence light. The detection signal is referred to as a "beat"
signal, and frequency of the beat signal is referred to as
beat frequency. The beat frequency is equal to the fre-
quency difference between the reference light and the
reflected light. The frequency difference relies on the dis-
tance from the sensor 200 to the object. Thus, the dis-
tance from the sensor 200 to the object can be calculated,
based on the beat frequency.

[0092] Here, light velocity is ¢, modulation frequency
of the emitted light is fgpycwy, @ width of the frequency
modulation of the emitted light (that is, a difference be-
tween the highest frequency and the lowest frequency)
is Af, the beat frequency is f, (= f,; = fyoun), and the
distance from the sensor 200 to the object is d. The mod-
ulation frequency fgpycw is an inverse of a cycle of the
frequency modulation of the emitted light. The distance
d can be calculated based on the following expression

A):
d=cxfo/(APxfimew) < (1/4) (1).

[0093] Fig. 11Billustrates an example of changes over
time in the frequencies of the reference light, the reflected
light, and the interference light, in a case where the sen-
sor 200 or the object is moving and the relative velocity
between the sensor 200 and the object is fixed. In the
example of Fig. 11B, the objectis approaching the sensor
200 at a constant velocity. Due to the Doppler effect, a
frequency shift occurs between the reference light and
the reflected light from the object. When the object ap-
proaches, the frequency of the reflected light increases
as compared with a case where the object is stationary.
An amount by which the frequency of the reflected light
is shifted relies on the magnitude of the component of
the relative velocity of the object with respect to the sen-
sor 200 in the direction toward the sensor 200. The beat
frequency in this case differs between the up-chirp period
and the down-chirp period. The velocity of the object can
be calculated based on the difference between these
beat frequencies. In the example of Fig. 11B, the beat
frequency fy,,n in the down-chirp period is higher than
the beat frequency fUlp in the up-chirp period. To the con-
trary, when the object moves away from the sensor 200,
the frequency of the reflected light decreases as com-
pared to a case where the object is stationary. In that
case, the beat frequency fy,,,, in the down-chirp period
is lower than the beat frequency fUlp in the up-chirp period.
Also in that case, the velocity of the object can be calcu-
lated based on the difference between these beat fre-
quencies.

[0094] Here, the component of the relative velocity of
the object with respect to the sensor 200 in the direction
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toward the sensor 200 is v,,, a wavelength of the emitted
light is A, and the amount of frequency shift due to the
Doppler effect is fy. The amount of the frequency shift f;
is expressed as fy = (fyown - fup)/2- In this case, the velocity
component v, can be calculated based on the following
expression:

Vc:fd)\,/zz(fdown- fup))\/4 (2) .

[0095] When v, is positive, it indicates that the object
is moving in a direction approaching to the sensor 200.
To the contrary, when v, is negative, it indicates that the
objectis moving in a direction moving away from the sen-
sor 200.

[0096] In this manner, the Doppler effect occurs with
respect to the direction of the reflected light. That is, the
Doppler effect is caused by the velocity component in
the direction from the object toward the sensor 200.
Therefore, the processing circuit 240 can determine the
component of the relative velocity of the object with re-
spectto the sensor 200 in the direction toward the sensor
200, by the above calculation based on the detection
signal.

[0097] Fig. 12 is a diagram for describing the relative
velocity of the object with respect to the sensor 200. In
Fig. 12, the position of an object 30 is expressed by co-
ordinates (r, 6, ¢), in a polar coordinate system in which
the position of the sensor 200 is an origin (0,0,0). An
actual relative velocity vector of the object 30 with respect
to the sensor 200 is v, and a component of the actual
relative velocity vector vin the direction toward the sensor
200is v,. The velocity measured by the sensor 200, which
is the ranging device of the FMCW method, is not the
actual relative velocity vector v, but the component v, to
be obtained by projecting the relative velocity vector v on
the straight line connecting the sensor 200 and the object
30. When the relative velocity as illustrated in Fig. 12 is
maintained, the Doppler effect occurs, and a relation be-
tween the frequency of the reference light and that of the
reflected light becomes a relation as illustrated in Fig.
11B. With respect to the frequency of the reference light,
the frequency of the reflected light shifts according to the
velocity component v,.. This results in the frequency dif-
ference in the up-chirp period and the down-chirp period.
The relative velocity component v between the sensor
200 and the object 30 as illustrated in Fig. 12 can be
obtained based on the frequency difference. As such,
the relative velocity measured by the LiDAR of the FMCW
method is only the vector component on the straight line
connecting the sensor 200 and the object 30, as illustrat-
ed in Fig. 12. Therefore, when a direction in which the
object 30 moves differs from the direction along the
above-mentioned straightline when viewed fromthe sen-
sor 200, among the velocity vectors of the object 30, only
the component along the above-mentioned straight line
is measured as the relative velocity.

[0098] Fig. 13 is a diagram for describing an example
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of velocity measurement when an automobile, which is
a mobile object, crosses in front of a stationary sensor
200. In this example, the sensor 200 emits light in a hor-
izontal direction. At a position of the automobile in the
center of Fig. 13, the relative velocity of the automobile
with respect to the sensor 200 is zero (0) because the
velocity vector v indicating a moving direction of the au-
tomobile is orthogonal to the direction in which light is
emitted from the sensor 200. At the position of the auto-
mobile on the right and left in Fig. 13, the velocity com-
ponent v can be measured because the relative velocity
vectorv has the componentv,along the directionin which
the light is emitted. For the position of the automobile on
the left and right in Fig. 13, the velocity component v,
measured by the sensor 200 varies, even though the
automobile is at the constant velocity, that is, even if the
velocity vector v is constant. As such, with only data from
one reflecting point, it is not possible to determine the
true relative velocity vector v of the mobile object with
respect to the sensor 200. However, when the automo-
bile is moving at the constant velocity, acquisition of data
on the velocity component v, at the plurality of (for ex-
ample, three or more) reflecting points allows the true
relative velocity vector v to be estimated of the mobile
object with respect to the sensor 200.

[0099] The sensing device 100 of the present embod-
iment collectively outputs, as a frame, data including the
positional information and the velocity information of the
plurality of reflecting points, the data being outputted from
the plurality of sensors 200 during a time section of a
specific length. A reflecting point is a point at which light
from the light source 210 is reflected during the time sec-
tion and is also herein referred to as a "data point". In the
present embodiment, the sensing device 100 generates
and outputs output data including the information related
to the position and the velocity of each reflecting point
expressed in a coordinate system with a reference posi-
tion of the sensing device 100 as the origin. As the infor-
mation related to the velocity of each reflecting point, the
sensing device 100 generates output data including in-
formation indicating the true relative velocity vector v at
that point or the velocity component v, in a direction along
a straightline connecting that point and the origin. Wheth-
erthe sensing device 100 outputs the velocity information
in the format of the true relative velocity vector v or the
velocity component v, varies depending on a model or
setting. The sensing device 100 may output the velocity
information in a format specified by a data request signal
from the external device such as the server 500. In this
manner, the processing circuit 110 in the sensing device
100 can select a specific data format from a plurality of
data formats in which the processing circuit 110 can out-
put, and generate measurement data including the ve-
locity information expressed in the selected specific data
format. The processing circuit 110 generates output data
including the measurement data and identification infor-
mation indicating the specific data format selected. The
communication circuit 120 transmits the output data to
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other devices such as the server 500.

[0100] Fig. 14 is a diagram illustrating an example of
a format of output data to be transmitted by a sensing
device 100. The output data in this example includes a
fixed value and sensor data that varies in each frame.
The fixed value may be outputted only at the beginning
or end of a data string, for example. Alternatively, the
fixed value may be outputted once for every predefined
fixed time or every fixed number of frames. The fixed
value in this example includes the positional information
ofthe sensingdevice 100. The positional information may
be 3-byte information that expresses, for example, lati-
tude, longitude, and altitude in one byte. The fixed value
100 may further include the orientation of the sensing
device 100, that is, information indicating a depth direc-
tion in which the position of the sensing device 100 is the
origin. The direction of the sensing device 100 may be
expressed, for example, by three bytes of latitude, lon-
gitude, and altitude at the position 1 meter away from the
origin in the y-axis direction as illustrated in Fig. 12. The
fixed value illustrated in Fig. 14 also includes information
indicating the number of the sensors 200 included in the
sensing device 100. The number of the sensors 200 may
be expressed, for example, in one byte. The fixed value
in the present embodiment further includes, as the iden-
tification information, velocity format information that in-
dicates a format of the velocity information outputted by
the sensing device 100. The velocity format information
indicates whether the velocity information represents the
true relative velocity vector of a data point or represents
a component of the true relative velocity vector of the
data point projected onto a straight line connecting the
sensing device 100 and the data point. The velocity for-
mat information may be expressed by a 1-byte code, for
example. At every predefined time, the sensing device
100 collectively outputs sensor data outputted from one
or more sensors 200. This group of data is one frame.
For example, when data is outputted 30 times in a sec-
ond, the processing circuit 110 of the sensing device 100
outputs the sensor data acquired in time of 1/30 second,
as one frame of data.

[0101] In the example illustrated in Fig. 14, the output
data of each frame includes data writing the number of
points acquired during the period of the frame in one byte
and a data set for each point in the frame. The data set
for each point includes information on time, position, and
velocity. Time may be expressed, for example, by 5-byte
data including year, month, day, hour, minute, and sec-
ond information, or the like. A position of each point may
be expressed by a three-dimensional coordinate value
(three bytes, for example) expressed in the coordinate
system of the sensing device 100. A velocity at each point
has a format indicated by the velocity format information
included in the fixed value, and may be expressed in
three bytes, for example. The velocity at each point may
be expressed by a three-dimensional value indicating the
relative velocity vector at the point viewed from the sens-
ing device 100 or a one-dimensional or three-dimension-
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al value indicating the component obtained by projecting
the relative velocity vector of the point in a direction to-
ward the origin. The data set for each point is repeated
for the number of points written at the beginning of the
frame. In the example of Fig. 14, when a total number of
points is n, a numeric value of n is written in one byte at
the beginning of the frame. Similarly, for subsequent
frames, the number of points and the data set for each
point are written.

[0102] As described above, the processing circuit 110
may output a value of the velocity component measured
at each point or may output information on the relative
velocity vector of each point with respect to the sensing
device 100, as the velocity information of each point.
When outputting the information on the relative velocity
vector of each point, the processing circuit 110 can cal-
culate the relative velocity vector based on values of ve-
locity components measured at a plurality of points. In-
stead of outputting the information on the relative velocity
vector of each point, information on a traveling velocity
of the object at the position of each point (that is, the
relative velocity of the object with respect to the sensing
device 100) may be outputted. In that case, the velocities
of points on the same object are all the same. Rather
than transmitting velocity information attached to all
points in the point cloud data, the points having the same
velocity information is grouped as one cluster, and only
one piece of velocity information can be written for one
cluster. Grouping points as a cluster can reduce volume
of data to be transmitted.

[0103] Fig. 15 is a diagram illustrating an example of
a format by which points in a frame are grouped for each
cluster and velocity information is written for each cluster.
The fixed value in this example is similar to the fixed value
in the example of Fig. 14. Data in each frame includes
information indicating the number of clusters included in
the frame (one byte, for example), information on each
cluster, and information on points not included in any
cluster. The information on each cluster includes infor-
mation on a cluster identification number (one byte, for
example), a velocity vector of the cluster (three bytes, for
example), number of points in the cluster (three bytes,
for example), and measurement time (five bytes, for ex-
ample) and a position (three bytes, for example) of each
point. After data of all clusters in the frame is written, the
information on the points not included in any cluster is
written. First, a code (one byte, for example) indicating
that subsequent data is data related to the points outside
the cluster and the number of the points outside the clus-
ter (one byte, for example). Then, measurement time
(five bytes, for example) and the position (three bytes,
for example) of the points not included in the cluster are
written. For the points not included in the cluster, even if
the information on the velocity component is obtained
during measurement, it is not possible to determine an
actual movement vector of the object at the position of
the point. Therefore, in the example of Fig. 15, no velocity
information is not outputted for the points not included in
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the cluster. However, even for the points not included in
the cluster, information on the velocity component in the
direction along the straight line connecting the origin and
the point can be obtained. Thus, output data may include
the information on the velocity components of the points
not included in the cluster.

[0104] Note thatin the example of Fig. 15, the velocity
format is written as the identification information as the
fixed value for the entire data, but similarly to the example
illustrated in Fig. 16 to be described below, the velocity
format may be written for each frame. If the velocity for-
mat is written for each frame, the processing circuit 110
writes the velocity format in a region from the beginning
of the data for each frame before a region where the
position or the like of each point in the frame is written.
In that case, the server 500 that has acquired the data
determines the format of velocity information for each
frame.

[0105] Figs. 16 and 17 are diagrams for illustrating ex-
amples of other representations of data to be transmitted.
In the examples illustrated in Figs. 16 and 17, a writing
method similar to an XML file, which is one of file formats
suitable for communication, is used. In the examples il-
lustrated in Figs. 16 and 17, in the column for writing of
the fixed value, the position, the direction, and the number
of sensors of the sensing device 100 are written and then,
information on each frame is written, similarly to the ex-
amples in Figs. 14 and 15. In the examples of Figs. 14
and 15, detailed time information for each point is written
as it is. In contrast, in the examples in Figs. 16 and 17,
reference time of the frame is written as the information
on each frame, and detailed time of each point is written
as a time information code indicating a difference from
the reference time mentioned above. The codes are writ-
ten as many times as necessary to write the detailed time
of all points. In this manner, an amount of information on
the detailed time of each point can be greatly reduced
by expressing measurement time of each point as a dif-
ference from the reference time and expressing the time
difference as acode. In particular, if there are many points
simultaneously measured by the plurality of sensors 200,
the effect of reducing the amount of information will be
large.

[0106] Similarly to the example of Fig. 14, Fig. 16 illus-
trates an example of the data format in which velocity
information for each point is written. In the example of
Fig. 16, a code indicating a velocity information format is
written as identification information, for each frame. That
is, in this example, it is possible to select, for each frame,
whether to outputinformation on the relative velocity vec-
tor v of each point with respect to the sensing device 100
or to output information on the velocity component v, of
each point. The number of points in a frame is outputted
as data for each frame. Then, the position, a time code,
and the velocity vector are written for each point. The
velocity vector may be written in three dimensions as a
vector having the position of each point as a starting point.
Note that when the velocity format expresses the velocity
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component v, of each point, the velocity information of
each point is not limited to three dimensions and may be
expressed as a one-dimensional value.

[0107] Like the example illustrated in Fig. 15, Fig. 17
illustrates an example of a data format in which a velocity
for each cluster is written. In the example of Fig. 17, a
velocity vector is expressed by a velocity description o
for each cluster and a code description for each point.
Like the example of Fig. 16, following the fixed value, the
reference time, the time information code, and a time
difference corresponding to the code are written for each
frame. Thereafter, a velocity code and a velocity vector
corresponding to the code of each of a plurality of clus-
ters, which are obtained by clustering a point cloud in the
frame, are written. In this example, as there is a cluster
velocity description in the data on each frame, it can be
determined that the velocity data represents the relative
velocity vector of the physical object corresponding to
the cluster with respect to the sensing device 100. Fol-
lowing information on the cluster velocity, the number of
points in the frame is written, and then, the position, the
time code, and the cluster velocity code of each point are
written. As a result, data including the positional informa-
tion, the detailed time information, and the velocity infor-
mation of each point in the point cloud data can be trans-
mitted. The amount of information can be reduced by
writing the velocity vector with a velocity code of each
cluster.

[1-3. Operations of Sensing Device]

[0108] Next, a specific example of operations of the
sensing device 100 will be described.

[0109] Fig. 18 is a flowchart illustrating an example of
the operations of the sensing device 100. By performing
the operations from steps 51100 to S2000 illustrated in
Fig. 18, the sensing device 100 generates one frame of
distance data and point cloud data. When continuously
generating a plurality of frames of data, the sensing de-
vice 100 repeats the operations in steps S 1100 to S2000
illustrated in Fig. 18. Hereinafter, the operation in each
of the steps described.

[0110] The sensing device 100 starts the operation
when receiving input of a start signal from input means
not illustrated.

(Step S 1100)

[0111] The processing circuit 110 determines whether
or not an end signal has been inputted from the input
means. If the end signal has been inputted, the sensing
device 100 ends its operation. If no end signal has been
inputted, processing advances to step S1200.

(Step S1200)

[0112] The processing circuit 110 determines whether
or not a frame period that has been predefined as time
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to acquire one frame of data has ended. If the frame
period has ended, processing advances to step S1500.
If the frame period has not ended, processing advances
to step S1300.

(Step S1300)

[0113] The processing circuit 110 determines whether
or not it has acquired data from any of the one or more
sensors 200. When the processing circuit 110 has ac-
quired data from any of the sensors 200, processing ad-
vances to step S1400. When the processing circuit 110
has not acquired data from any of the sensors 200,
processing returns to step S1200.

(Step S1400)

[0114] The processing circuit 110 causes the storage
device 130 to store sensor data acquired from the sensor
200, information on the sensor 200 that has generated
the sensor data, and data acquisition time. The sensor
data may include, for example, information indicating the
position of the reflecting point in the coordinate system
of the sensing device 100, and information indicating the
component of the relative velocity vector of the reflecting
point with respect to the sensor 200 along the straight
line connecting the sensor 200 and the reflecting point.
After step S1400, processing returns to step S1200.
[0115] The sensing device 100 can store information
on the position and the relative velocity component of the
point cloud measured by the one or more sensors 200
for every fixed frame period (1/30 second, for example),
by repeating steps S1200 to S1400.

[0116] Fig. 19 is a diagram illustrating an example of
information recorded in the storage device 130. Informa-
tion related to the point cloud that is transmitted from the
one or more sensors 200 during the frame period is re-
corded. The storage device 130 in this example stores a
sensor ID identifying the sensor 200 that has acquired
data, a point ID that is an identifier of the point measured
by the sensor 200, a position of the measured position,
measured time, a relative velocity component of the point
in a direction along a straight line connecting the meas-
ured point and the sensor 200. In the example of Fig. 19,
the relative velocity component is stored as three-dimen-
sional vector information expressed by the coordinate
system of the sensing device 100. Transformation from
the coordinate system of each sensor 200 into the coor-
dinate system of the sensing device 100 may be per-
formed by the processing circuit 240 of the sensor 200
or by the processing circuit 110 of the sensing device
100. The storage device 130 also stores the cluster ID
for identifying a cluster corresponding to a point, which
is determined by clustering processing of the point cloud
to be performed in step S1500.



31 EP 4 394 445 A1 32

(Step S1500)

[0117] When the acquisition of the one frame of the
data ends, the processing circuit 110 performs clustering
of the point cloud based on the positional information of
each pointin the point cloud thatis measured in the frame
recorded in the storage device 130. For example, the
processing circuit 110 classifies the point cloud into one
or more clusters, with a plurality of points located rela-
tively close to each other as one cluster. The processing
circuit 110 sets a cluster ID for each generated cluster.
As illustrated in Fig. 19, the processing circuit 110 asso-
ciates data of each point recorded in the storage device
130 with a cluster ID of the cluster including that point,
and stores the data in the storage device 130.

(Step S1600)

[0118] The processing circuit 110 determines whether
or not processing in steps S1700 and S1800 has been
completed for all clusters generated in step S1500. If the
processing has been completed for all the clusters,
processing advances to step S1900. If there are unproc-
essed clusters, processing advances to step S1700.

(Step S1700)

[0119] The processing circuit 110 selects one cluster
from clusters for which calculation of the relative velocity
vector has not yet been completed, among the clusters
generated in step S1500.

(Step S1800)

[0120] The processing circuit 110 calculates a relative
velocity vector common to all the points in the cluster,
based on information on the relative velocity components
of the plurality of points included in the cluster selected
in step S1700.

[0121] The relative velocity vector common to all the
points in the cluster may be calculated based on, for ex-
ample, the velocity components vector measured at three
or more data points in the same cluster. Similarly to the
example illustrated in Fig. 12, the velocity component
vector measured at the data point in the clusteris v, and
the relative velocity vector common to the data points in
the cluster is v. The velocity component vector v, is a
vector obtained by projecting the relative velocity vector
v in the direction of the position vector of each data point.
Therefore, the following expression (3) is true.

[Math 1]

(3)

lvelz = lv ’ vcl

[0122] The processing circuit 110 can estimate the rel-
ative velocity vector v common to the data points in the
cluster by applying the expression (3) above to the ve-
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locity component vectors v, at the three or more data
points. Details of step S1800 will be described below.
[0123] The processing circuit 110 can calculate the rel-
ative velocity vector v for all the clusters in the point cloud
data measured within the frame period, by repeating
steps S1600 to S1800. The relative velocity vector v rep-
resents a relative velocity of an object corresponding to
the cluster, with respect to the sensing device 100. When
calculating the relative velocity vector v of the cluster, the
processing circuit 110 causes the storage device 130 to
store the information.

[0124] Fig. 20 is a diagram illustrating an example of
information related to clusters stored by the storage de-
vice 130. In the example of Fig. 20, the relative velocity
vector which is calculated in step S1800 is recorded for
each cluster ID that identifies the clusters generated in
step S1500.

(Step S1900)

[0125] When the relative velocity vectors have been
determined for all the clusters, the processing circuit 110
generates output data for the frame. The processing cir-
cuit 110 generates the output data in the format exem-
plified in Fig. 15 or 17, for example. Alternatively, the
processing circuit 110 may generate the output data in
the formats exemplified in Figs. 14 and 16. However, the
fixed value is outputted when the sensing device 100
starts operating or for every specific number of frames.
Normal frame data includes information that varies de-
pending on a frame and does not include the fixed value.
[0126] If the format exemplified in Fig. 15 is adopted,
and when there is a data point that does not belong to
any cluster in step S1500, the processing circuit 110 gen-
erates output data including the position and measure-
ment time of the point that does not belong to the cluster.
Because actual velocity of the point not belonging to the
cluster is unknown, in the example of Fig. 15, the output
data does not include information on the velocities of
those points. The processing circuit 110 may include, in
the output data, the information on the velocity compo-
nents v, of the points not belonging to the cluster.

[0127] Ifthe formatexemplifiedin Fig. 14 or 16is adopt-
ed, the processing circuit 110 generates output data in
which information on the relative velocity vector of the
cluster to which that point belongs is the velocity infor-
mation of each point. Referring to the data illustrated in
Figs. 19 and 20, for example, the processing circuit 110
can acquire positional information of each point, the clus-
ter to which that point belongs, and information on the
relative velocity vector of that cluster. As a result, output
data including the positional information of each point
and the information on the relative velocity vector of each
point can be generated. In this manner, the processing
circuit 110 divides the plurality of reflecting points into
one or more clusters based on the positional information
of each of the plurality of reflecting points, and determines
one velocity vector for each cluster based on the velocity
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information of the three or more reflecting points included
in each cluster. The processing circuit 110 includes in-
formation indicating the velocity vector of each cluster in
the measurement data and generates the output data
including the measurement data.

(Step S2000)

[0128] The processing circuit 110 outputs one frame
of the output data generated in step S1900 to the com-
munication circuit 120. The communication circuit 120
transmits the output data to the server 500 via the network
600. After the data is transmitted, processing returns to
step S1100.

[0129] Through the operations from step S1100 to step
S2000, the sensing device 100 can generate data for
communication and transmit it to the server 500, the data
for communication including information on the position,
time, and velocity of the point cloud measured within the
time of the frame. By repeating the operations described
above, the sensing device 100 can transmit the meas-
urement data including the positional information and the
velocity information of each point to the server 500, for
each frame.

[1-3-1. Operation to Estimate Velocity Vector]

[0130] Next, details of an operation of estimating the
relative velocity vector common to all the points in the
cluster in step S1800 will be described.

[0131] Fig. 21 is a flowchart illustrating more details of
the operation in step S1800. Step S1800 illustrated in
Fig. 21 includes steps S1810 and S1820. A description
will be given of operations of each of the steps below.

(Step S1810)

[0132] For the clusters selected in step S1700, the
processing circuit 110 selects three points whose velocity
component magnitude is not 0, among the data points in
the cluster. The three points may be selected based on
a distance from the gravity center of the cluster, for ex-
ample.

[0133] Figs. 22A and 22B illustrate an example of cri-
teria for selecting three points. As illustrated in Fig. 22A,
the processing circuit 110 may randomly select three
points from data points within a predefined distance
range from the cluster gravity center. There are some
cases where reliability of data points close to a cluster
boundary may be low, such as when a lot of noise is
includedin the points close to a cluster boundary, orwhen
periphery around the cluster boundary is a boundary re-
gion with another cluster, and data of the other cluster is
mixed, or the like. In such a case, it is effective to select
three points from data points within a fixed distance from
the cluster gravity center. Alternatively, as illustrated in
Fig. 22B, the predefined distance range may be a range
that is a certain distance or more away from the cluster
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gravity center. A selection method illustrated in Fig. 22B
may be adopted when estimation is difficult with only data
in the vicinity of the cluster gravity center as a difference
in the velocity components is small. In order to select
three data points each of which is located apart in the
cluster, three points located within arange thatis a certain
distance away from the gravity center and a distance
between the data points is a certain distance or more
may be selected. Making such a selection allows estima-
tion of an averaged relative velocity vector when there is
a velocity bias within the cluster.

(Step S1820)

[0134] The processing circuit 110 calculates the com-
mon relative velocity vector v from the velocity compo-
nent vectors of the three data points selected in step
S1810, based on the above expression (3). As illustrated
in Fig. 23, when the velocity component vectors at the
three data points are v, Vg, and v.s, the following si-
multaneous equation will be true.

[Math 2]

wol? = v vl
wesl? =1v- vl

Ivcﬁz = ju 5]

[0135] The processing circuit 110 can determine the
common relative velocity vector v by solving the above
simultaneous equation using the known velocity compo-
nent vectors vy, Ve, and vgs.

[0136] Note that three points are selected in this ex-
ample, but points to be selected may be four or more
points. When four or more points are selected, a vector
that is estimated as a common relative velocity vector in
the cluster is not determined uniquely. In that case, an
average of vectors estimated by combinations of three
points or arepresentative value derived by a method oth-
er than averaging may be adopted as the common rela-
tive velocity vector.

[0137] The processing circuit 110 may perform oper-
ations illustrated in Fig. 24, instead of the operations il-
lustrated in Fig. 21. Fig. 24 is a flowchart illustrating an-
other example of the estimation processing of the relative
velocity of the cluster in step S1800. Step S1800 in the
example of Fig. 24 includes steps S1830 to S1880. A
description of operations of each of the steps will be de-
scribed below.

(Step S1830)

[0138] The processing circuit 110 divides the cluster
selected in step S1700 into a plurality of regions. As il-
lustrated in Fig. 25, for example, the processing circuit
110 can divide the cluster into the plurality of regions by
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forming a plurality of groups in which three or more points
proximate to each other form a same group.

(Step S1840)

[0139] The processing circuit 110 determines whether
or not processing from steps S1850 to S1870 has been
completed for all the regions divided in step S1830. If
there remains any cluster that has not been divided,
processing advances to step S1850. If the processing
has been completed for all the regions, processing ad-
vances to step S1880.

(Step S1850)

[0140] The processing circuit 110 selects one region
that has not been processed yet from among the regions
divided in step S1830.

(Step S1860)

[0141] The processing circuit 110 selects three data
points whose velocity component magnitude s is not 0
among the data points within the range selected in step
S1850.

(Step S1870)

[0142] The processing circuit 110 calculates a relative
velocity vector common to the three points, by solving
the above simultaneous equation using the known ve-
locity component vectors v.q, Ve, and v of the three
points selected in step S1860.

[0143] Byrepeating steps S1840to S1870, the relative
velocity vector without bias can be estimated with respect
to the data points distributed in the entire cluster.

(Step S1880)

[0144] When the estimation processing of the relative
velocity vector has been completed for all the regions,
the processing circuit 110 generates an average vector
of the relative velocity vectors in the respective regions
estimated in steps S1840 to S1870, as a representative
relative velocity vector of the entire cluster.

[0145] Note that in the example illustrated in Fig. 24,
the relative velocity vector is estimated by dividing the
cluster into the plurality of regions and selecting three
points in each region, but other methods may be used.
For example, a selection method such as selecting one
point each from three regions that are proximate to each
other or selecting three points from regions that are not
proximate to each other may be used. By estimating the
relative velocity vectors from three points in different re-
gions, it is possible to avoid difficulties in estimation
caused by data points that are too close.
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[1-3-2. Other Examples of Operations of Sensing Device]

[0146] In the example illustrated in Fig. 18, the
processing circuit 110 performs clustering processing
based on the distance or position on the point cloud in
one frame, thereby dividing the point cloud into clusters
of each object and calculating a relative velocity vector
for each cluster. In this example, if output data is gener-
ated in any of the formats in Figs. 14 to 16, a code indi-
cating a relative velocity vector of a physical object lo-
cated at the position of the data point with respect to the
sensing device 100 will be written as the velocity format
information. The formats illustrated in Figs. 15to 17 is a
format in which a cluster of the point cloud is written, so
it can be said to be a data format suitable for the sensing
device 100 that performs the operations illustrated in Fig.
18.

[0147] On the other hand, in the format illustrated in
Fig. 14 or 16, the cluster is not written, and the velocity
information is written for each data point. Therefore,
when the format illustrated in Fig. 14 or 16 is used, it is
possible to specify, as the velocity format, the velocity
component measured by the sensor 200, that is, the ve-
locity component along the straight line connecting the
sensor 200 and the data point. In that case, a vector
indicating the component of the relative velocity vector
of each point along the above straight line may be written
as the velocity information of each point. In the format
illustrated in Fig. 16, the information on each data point
is written in three dimensions of position, in one dimen-
sion of time, and in three dimensions of velocity vector.
Of these, for the velocity vector, a velocity vector com-
ponent, which is directly measured by the sensor 200,
along the straight line connecting the sensor 200 and the
data point can be written.

[0148] Hereinafter, a description will be given of an ex-
ample of operations of the sensing device 100 when the
velocity vector component along the straight line con-
necting the sensor 200 and the data point is transmitted
in the format illustrated in Fig. 14 or 16, as velocity infor-
mation of each data point.

[0149] Fig. 26 is a flowchart illustrating an example of
the operations of the sensing device 100 that transmits
information on the velocity vector component along the
straightline connecting the sensor 200 and the data point,
as the velocity information of each data point. In this flow-
chart, as the operations from steps S1100 to S1400 are
the same as the operations corresponding to Fig. 18, a
description of these steps will be omitted.

[0150] Fig. 27 is a diagram illustrating an example of
information recorded in the storage device 130 in step
S1400. The information recorded in step S1400 is similar
to the information illustrated in Fig. 19. In the example of
Fig. 26, however, if it is determined in step S1200 that
the frame period has ended, processing advances to the
data generation the processing in step S1910 without
performing the point cloud clustering processing. There-
fore, unlike the example of Fig. 19, the information re-
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corded in the storage device 130 does not include the
information on the cluster ID.

[0151] In step S1910, the processing circuit 110 gen-
erates output data for that frame. The processing circuit
110 generates the output data in the format exemplified
in Fig. 14 or 16, for example. The processing circuit 110
acquires the positional information and the relative ve-
locity component information of each data point illustrat-
ed in Fig. 27 from the storage device 130 and generates
output data including these pieces of information. In the
following step S2000, the communication circuit 120
transmits the output data to the server 500. This allows
the server 500 to acquire data including information on
the position and the velocity component of each data
point, as illustrated in Fig. 14 or 16.

[0152] As described above, the sensing device 100 in
the present embodiment can generate data to be trans-
mitted to the server 500, for example, using the following
method in (a) or (b).

(a) The processing circuit 110 performs clustering of
a point cloud and associates each cluster with one
physical object. Assuming that points included in a
same cluster have a same velocity, the processing
circuit 110 calculates a relative velocity vector of the
sensing device 100 with respect to the physical ob-
ject corresponding to each cluster and generates
point cloud data including positional information and
relative velocity vector information, as exemplified in
any of Figs. 14 to 17.

(b) The processing circuit 110 generates point cloud
data including the positional information of each
point in the point cloud and information on a relative
velocity component of each point in the point cloud,
that is, the relative velocity component along a
straight line connecting a coordinate origin of the
sensor 200 and the point, the positional information
and the relative velocity component information be-
ing measured by the sensor 200 as exemplified in
Fig. 14 or 16.

[0153] As such, the velocity information of each point
included in output data may be information indicating an
actual relative velocity vector of the point, or information
indicating a relative velocity component of the point in
the direction along the straight line connecting the coor-
dinate origin set in the sensing device 100 and that point.
The processing circuit 110 may be configured to select
the above two types of velocity data as velocity informa-
tion and generate the output data. The processing circuit
110 may also be configured to be able to select a format
ofthe output data from the plurality of formats exemplified
in Figs. 14 to 17. A format of the output data and a type
of the velocity data included in the output data may be
selected according to a specification from the server 500
or other input devices. Alternatively, the sensing device
100 may select the type of the velocity data included in
the outputdata, based oninformation acquired from other
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types of sensors or input devices such as a camera, or
predefined time, or the like. When the type of the velocity
data is changed depending on a frame, the processing
circuit 110 may write a code indicating the type of the
velocity data, for example, at the beginning of data for
each frame, or as a fixed value common to a plurality of
frames. The code indicating the type of the velocity data
may be written in one byte (eight bits), for example.

[1-4. Configuration of Server]

[0154] Next, a description of a configuration example
of the server 500 will be given. As described with refer-
ence to Figs. 1 to 6, the server 500 receives data from
one or more of the sensing devices 100. The server 500
checks a format of the received data and performs pre-
processing according to the format.

[0155] Fig.28is adiagram illustrating the configuration
example of the server 500. The server 500 includes an
input device 510, the input device 510, an output device
520, the processing device 530, the storage device 540,
and the communication device 550.

[0156] The input device 510 is a device that accepts
input requesting detailed road condition information at
specific time and in a specific space. The input device
510 may include, for example, a keyboard or voice char-
acter input means. The input device 510 may include a
pointing device that allows a user to specify a specific
point on a map.

[0157] The output device 520 is a device that outputs
the detailed road condition information in response to a
request for the detailed road condition information at spe-
cific time and in a specific space, which is inputted using
the input device 510. The road condition information may
include information related to, for example, arrangement
of the fixed body 400 and the mobile object 300 as well
as atraveling velocity ofthe mobile object 300. The output
device 520 may include a display, for example. The dis-
play displays a map of the road environment, for example,
and draws the fixed body 400 and the mobile object 300
on the map. Alternatively, the output device 520 may be
three-dimensional display or a hologram display device
that three-dimensionally displays the fixed body and the
mobile object in a specific space.

[0158] The communication device 550 is a device that
communicates with each of the sensing devices 100 via
the network 600. Data received by the communication
device 550 is transmitted to the processing device 530.
[0159] The processing device 530 is, for example, a
device including one or more processors such as a CPU
ora GPU, and amemory. The memory stores a computer
program to be executed by the processor. The processor
of the processing device 530 generates positional infor-
mation and velocity information of a physical object, by
the communication device 550 acquiring output data in-
cluding measurement data from one or more sensing de-
vices 100, discriminating a data format of the measure-
ment data, and applying arithmetic processing according
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to the discriminated data format to the measurement da-
ta. The processing device 530 performs processing such
as coordinate transformation of point cloud data included
in the output data, conversion from a relative velocity to
an absolute velocity of each point, detailed time adjust-
ment, and causes the storage device 540 to store infor-
mation thereof. In response to the request inputted from
the input device 510 for the detailed road condition infor-
mation at the specific time and in the specific space, the
processing device 530 also acquires data on the relevant
time and area from the storage device 540 and transmits
a signal instructing the output device 520 to output.
[0160] The storage device 540 is a device including
one or more storage media such as semiconductor stor-
age media (memory, for example), magnetic storage me-
dia, or optical storage media. The storage device 540
stores information on measurement time, a position, and
a velocity of each point in the point cloud.

[0161] Fig. 29 is a diagram schematically illustrating
an example of information stored in the storage device
540. In the example of Fig. 29, for each data point in the
point cloud, acquired time, a position of the server 500
in a coordinate system, and velocity vector information
are stored in the storage device 540. Time may include,
for example, year, month, day, hour, minute, and second
information. Time may be recorded in milliseconds (ms)
or microseconds (u.s).

[1-5. Operations of Server]

[0162] Fig. 30 is a flowchart illustrating an example of
operations of the server 500. Fig. 30 illustrates the ex-
ample of operations of the server 500 in a case where
velocity format information is included in data transmitted
from the sensing device 100 as a fixed value and the
velocity information format of all data is specified, as ex-
emplified in Fig. 14 or 15. The processing device 530 of
the server 500 in this example performs the operations
from steps S3100 to S3900 illustrated in Fig. 30. Upon
receipt of a start signal from the input device 510, the
server 500 starts operating. Hereinafter, the operation in
each step will be described.

(Step S3100)

[0163] The processing device 530 determines whether
or not an end signal has been inputted from the input
device 510. Ifthe end signal has beeninputted, the server
500 ends its operation. If no end signal has been inputted,
processing advances to step S3200.

(Step S3200)

[0164] The processing device 530 determines whether
or not the communication device 550 has received data
from the sensing device 100. If the data has been re-
ceived, processing advances to step S3300. If no data
has been received, step S3200 is repeated until the data
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is received. The operation of step S3200 may be per-
formed for every time unit of the point cloud processing
of the server 500. For example, processing of step S3200
may be performed at predefined fixed time intervals. The
predefined fixed time intervals may be referred to as a
processing frame of the server 500.

(Step S3300)

[0165] The processing device 530 reads the format of
velocity information included in the fixed value of data
acquired in step S3200, and determines whether the ve-
locity information included in the acquired data repre-
sents a relative velocity vector of a physical object with
respect to the sensing device 100 or represents a relative
velocity component vector in a direction along the straight
line connecting the sensor 200 and the data point. When
the velocity information represents the relative velocity
vector of the physical object with respect to the sensing
device 100, processing advances to step S3800. When
the velocity information represents the relative velocity
component vector in the direction along the straight line
connecting the sensor 200 and the data point, processing
advances to step S3400.

(Step S3400)

[0166] The processing device 530 clusters data points
of the acquired point cloud data based on the position or
the distance from the sensing device 100, and classifies
or groups the plurality of data points into one or more
clusters.

(Step S3500)

[0167] The processing device 530 determines whether
or not the velocity vector estimation processing has been
completed for all clusters generated in step S3400. If
there remain clusters, processing advances to step
S3600. If the velocity vector estimation processing has
been completed for all clusters, processing advances to
step S3800.

(Step S3600)

[0168] The processing device 530 selects one cluster
from clusters for which the velocity vector estimation has
not yet been completed, among the clusters generated
in step S3400.

(Step S3700)

[0169] The processing device 530 estimates a relative
velocity vector common to all points in the cluster, based
on the relative velocity component vectors of the plurality
of points in the cluster selected in step S3600. An esti-
mation method is similar to the method in step S1800
illustrated in Fig. 18.
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[0170] By repeating steps S3500 to step S3700, the
relative velocity vector for each cluster can be estimated,
for all the clusters generated in step S3400.

(Step S3800)

[0171] The processing device 530 transforms the po-
sition of each point in the data acquired in step S3200
and the relative velocity vector of the cluster to which
each point belongs, into data expressed in the coordinate
system of the server 500. The coordinate transformation
may be performed based on information indicating the
position and the direction of the sensing device 100 that
is included as the fixed value in the data transmitted from
each sensing device 100.

(Step S3900)

[0172] The processing device 530 causes the storage
device 540 to store information on the position and the
velocity of each point subjected to the coordinate trans-
formation in step S3800. As illustrated in Fig. 29, for ex-
ample, the processing device 530 associates information
on the position and the velocity of each point with the
measured time and causes the storage device 540 to
store them.

[0173] By repeating the processing in step S3100 to
step S3900, the server 500 can acquire the measurement
data from the sensing device 100, and record the infor-
mation on the position and the velocity for each point
expressed in the coordinate system of the server 500,
together with the detailed time information. In the present
embodiment, as exemplified in Figs. 1 and 2, the sensing
device 100 is provided on the fixed body 400 and the
relative velocity between the sensing device 100 and the
data point represents a velocity of a physical object at
the data point. Therefore, the server 500 accumulates
the positional information of the data point and the ve-
locity information of the physical object at that position
together with the detailed time information. The server
500 may acquire measurement data not only from the
sensing device 100 provided on the fixed body 400 but
also from a sensing device provided on the mobile object.
In that case, the server 500 can calculate the position
and the velocity of each data point by acquiring positional
information and velocity information of the mobile object
itself with the sensing device mounted and performing
the coordinate transformation based on the information.
Alternatively, the server 500 may perform processing to
determine the position and the velocity of a mobile object
based on measurement data transmitted from a sensing
device provided on the fixed body that performs ranging
of the mobile object with the sensing device mounted,
and may perform the coordinate transformation of the
measurement data acquired from the sensing device of
the mobile object, based on the position and the velocity.
[0174] Inthe example described above, the server 500
processes the measurement data received from the one
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sensing device 100. If the system includes the plurality
of sensing devices 100, the server 500 may receive
measurement data in different formats from the plurality
of sensing devices 100. Hereinafter, a description will be
given of an example of operations of the server 500 in
such a configuration.

[0175] Fig. 31 is a flowchart illustrating an example of
operations of the processing device 530 when the server
500 receives measurement data in different formats from
the plurality of sensing devices 100 at different timing. In
the example illustrated in Fig. 31 as well, the velocity
format information is included in data transmitted from
each of the sensing devices 100 as the fixed value, and
the velocity information format of all data is specified,
similarly to the example illustrated in Fig. 30. The
processing device 530 performs the operations of steps
S4100 to S5300 illustrated in Fig. 31. Upon receipt of a
start signal from the input device 510, the server 500
starts operating. Hereinafter, the operation in each step
will be described.

(Step S4100)

[0176] The processing device 530 determines whether
or not an end signal has been inputted from the input
device 510. Ifthe end signal has been inputted, the server
500 ends its operation. If no end signal has been inputted,
processing advances to step S4200.

(Step S4200)

[0177] The processing device 530 determines whether
or not the communication device 550 has received data
from the sensing device 100. If the data has been re-
ceived, processing advances to step S4300. If no data
has been received, step S4200 is repeated until the data
is received. The operation of step S4200 may be per-
formed for every time unit of the point cloud processing
of the server 500. For example, processing of step S3200
may be performed at predefined fixed time intervals.

(Step S4300)

[0178] The processing device 530 transforms the in-
formation on the position and the velocity vector of each
data point in the data acquired in step S4200 into data
expressed in the coordinate system of the server 500.
The velocity vector information may be expressed, for
example, by coordinate values indicated by an end point
of the velocity vector whose starting point is the position
of the data point.

(Step S4400)

[0179] The processing device 530 reads the format of
the velocity information included in the fixed value of the
data acquired in step S4200, and determines whether
the velocity information included in the acquired data rep-
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resents the relative velocity vector of the physical object
with respect to the sensing device 100 or represents the
relative velocity component vector in the direction along
the straight line connecting the sensor 200 and the data
point. If the velocity information represents the relative
velocity vector of the physical object with respect to the
sensing device 100, processing advances to step S5300.
If the velocity information represents the relative velocity
component vector in the direction along the straight line
connecting the sensor 200 and the data point, processing
advances to step S4500.

[0180] Fig. 29 exemplifies only time, position, and ve-
locity as information stored by the storage device 540.
In addition to the information thereof, the storage device
540 may store information or a flag indicating whether or
not the velocity information indicates the relative velocity
componenton the straight line connecting the sensorand
the data point, as illustrated in Fig. 32. The storage device
540 may store, for each data point, information on the
position and direction of the sensing device 100, or the
like, necessary for the coordinate transformation of each
data point, in addition to the information illustrated in Fig.
32. In the example of Fig. 31, the processing device 530
collectively clusters point clouds acquired from the plu-
rality of sensing devices 100. If information from the plu-
rality of sensing devices 100 is received one after another
in a same frame, and if all data points in the frame are
processed every time they are received, some data
points may be processed more than once. Thus, in the
present embodiment, data is processed in the time unit
of the fixed processing frame. The storage device 540
may record the point cloud data being processed, as tem-
porary storage data for processing by the processing de-
vice 530. In that case, in the data stored by the storage
device 540, information on a data point where the infor-
mation on the relative velocity vector of the cluster in-
cluding the data pointis written as the velocity information
may be mixed with information on a data point where the
information on the relative velocity component vector on
the straight line connecting the sensor that has done
measurement and the data point is written as the velocity
information. In addition, if point clouds received from the
plurality of sensing devices 100 are grouped, types of
the velocity information may differ for each sensing de-
vice 100. Even in such a case, the velocity information
can be easily discriminated if the storage device 540
records a flag for discriminating the velocity information
or a flag indicating that the velocity information has not
been processed.

(Step S4500)

[0181] The processing device 530 performs clustering
processing on the point cloud subjected to the coordinate
transformation in step S4300, by combining it with the
data points in the point cloud recorded in the storage
device 540 and acquired from another sensing device
100 in the same frame. Based on the position of each
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data point, the processing device 530 combines the point
cloud subjected to the coordinate transformation in step
S4300 with the point cloud recorded in the storage device
540 and acquired within the time of the frame, and divides
them into one or more clusters.

(Step S4600)

[0182] The processing device 530 determines whether
or not the estimation processing of the velocity vector
common to the clusters has been completed for all clus-
ters in the point cloud generated in step S4500. If the
velocity vector common to the clusters has been estimat-
ed for all clusters, processing advances to step S5300.
Among the clusters generated in step S4500, if there are
clusters for which the estimation processing of the veloc-
ity vector common to the clusters has notbeen performed
yet, processing advances to step S4700.

(Step S4700)

[0183] The processing device 530 selects one cluster
from clusters for which the velocity vector common to the
data pointsincluded in the cluster has notbeen calculated
yet, among the clusters generated in step S4500.

(Step S4800)

[0184] The processing device 530 determines whether
or not there is any velocity vector information already
calculated for the clusters selected in step S4700. The
processing device 530 determines, for the data point in-
cluded in the cluster, whether the velocity information
corresponding to the data point represents the relative
velocity component vector on the straight line connecting
the sensor and the data point or represents the velocity
vector of the object at the data point. If all the data points
in the cluster represent the relative velocity component
vector on the straight line connecting the sensor and the
data point, as velocity information, that is, if the velocity
vector of the cluster has not been estimated, processing
advances to step S5100. For one or more data points, if
there is the velocity vector information estimated as the
velocity vector common to the data points included in the
cluster, processing advances to step S4900.

(Step S4900)

[0185] The processing device 530 determines whether
or not the velocity vectors already calculated for the clus-
ters selected in step S4700 are inconsistent with the ve-
locity vectors or the relative velocity component vectors
corresponding to other data points in the cluster.

[0186] As a method of determining inconsistency, for
example, it can be determined that there is inconsistency
when a difference between the velocity vectors already
calculated at the plurality of data points in the cluster is
larger than or equal to a predefined reference. The vector
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difference may be, for example, a sum of absolute values
of differences between respective three-dimensional co-
ordinate values. Alternatively, presence or absence of
inconsistency may be determined based on a calculated
vector difference, for example, by assigning a large
weight to a difference in vector orientations and a small
weight to a difference in vector magnitude. In addition,
the method of determining inconsistency may be a meth-
od of determining that there is inconsistency when a dif-
ference between the magnitude of the relative velocity
component vectors corresponding to one or more data
pointsinthe clusterand the magnitude of the components
of the velocity vector already calculated at the one or
more data points in the cluster in the same direction as
the relative velocity component vector is larger than or
equal to a reference value. Such a method makes it pos-
sible to detect inconsistency, for example, when objects
that are located close to each other and have different
velocities are grouped as one cluster.

[0187] If inconsistency is found between the velocity
vectors corresponding to the data points in the cluster,
processing advances to step S5000. If no inconsistency
is found between the velocity vectors corresponding to
the data points in the cluster, processing advances to
step S5200.

(Step S5000)

[0188] The processing device 530 divides the data
points in the cluster into a plurality of groups based on
data attributes or by clustering. The division may be per-
formed, for example, based on time associated with each
data point. A plurality of data points that correspond to a
plurality of objects and that do not overlap in spatial po-
sition at the same time may be subjected to ranging in
an overlapped state in the same space due to a time
difference. In such a case, division of the data points
based on detailed time of ranging clears the situation in
which objects with a plurality of different velocities over-
lap or are proximate to each otherin the same space. As
an example of another method of division, a method of
dividing for each sensing device 100 that has performed
ranging of the data points or a method of dividing a point
cloud based on the velocity information format at the time
of processing of step S5000 is possible.

(Step S5100)

[0189] The processing device 530 estimates a com-
mon velocity vector for each group or cluster of the di-
vided point clouds. The method of estimation is similar
to the method of step S3700 illustrated in Fig. 30. Note
that among the divided groups or clusters, for the group
or the cluster for which the common velocity vector has
already been calculated, the existing velocity vector may
be set as the common velocity vector for the group or the
cluster without estimating a velocity vector once again.
After the operation in step S5100, processing returns to
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step S4600.
(Step S5200)

[0190] Ifthereis noinconsistency between the velocity
vector already estimated for the selected cluster and oth-
er velocity information, the processing device 530 sets
the already estimated velocity vector as the common ve-
locity vector for the cluster. After the operation in step
S$5200, processing returns to step S4600.

[0191] Byrepeating the operation of step S4600 to step
S5100 or step S5200, it is possible to divide the point
cloud acquired during the frame period into clusters or
groups, estimate a common velocity vector for each of
the divided clusters or groups, and generate velocity vec-
tor information for each data point in the point cloud.

(Step S5300)

[0192] The processing device 530 causes the storage
device 540 to store the information on the position and
the velocity of each point that has been subjected to the
coordinate transformation. As illustrated in Fig. 29, for
example, the processing device 530 associates the in-
formation on the position and the velocity of each point
with the measured time and causes the storage device
540 to store the information.

[0193] By repeating the processing of step S4100 to
step S5300, it is possible to transform the point cloud
data acquired from each of the plurality of sensing de-
vices 100 to the data expressed in the coordinate system
set for the server 500, and associate and store the posi-
tion, the detailed time, and the velocity vector of each
data point.

[0194] Inthe example illustrated in Fig. 31, step S4200
is performed every frame period, which is the time interval
of processing by the server 500. As a result, clustering
is no longer performed more than once within the same
frame period, thus improving the efficiency of calculation.
[0195] Next, a description will be given of an example
of acase where the server 500 receives, from the sensing
device 100, data including ID information indicating the
format of the velocity information for each frame, as ex-
emplified in Fig. 16 or 17, or a case where the server 500
receives data including the cluster ID and velocity infor-
mation of each cluster.

[0196] Fig. 33 is a flowchart illustrating an example of
the operation of the processing device 530 in a case
where the server 500 receives the data from the sensing
device 100, as exemplified in Fig. 16 or 17. In this exam-
ple, after data acquisition, the processing device 530 de-
termines the format of the velocity information for each
frame, rather than determining the format of the velocity
information common to all data. The flowchart illustrated
in Fig. 33 has step S6100 added between step S3200
and step S3300 in the flowchart illustrated in Fig. 30.
Hereinafter, different points from the operations illustrat-
ed in Fig. 30 will be described.
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(Step S6100)

[0197] When acquiring measurement data from the
sensing device 100, the processing device 530 deter-
mines whether or not processing on each frame has been
completed for all frames of the acquired measurement
data. If there are unprocessed frames, processing ad-
vances to step S3300. If processing has been completed
on all the frames, processing advances to step S3900.
[0198] The operations from step S3300 to Step S3900
are similar to the operations illustrated in Fig. 30. In the
example illustrated in Fig. 33, after step S3800, process-
ing returns to step S6100, and the processing from step
S3300 to S3800 is performed on each frame until
processing is complete for all the frames. When the
processing is complete for all the frames, processing ad-
vances to step S3900, and data is recorded.

[0199] By repeating step S6100 to step S3800, the
processing device 530 can process for each frame the
velocity information of each point according to the format
specified for each frame, convert it into point cloud data
including information on the velocity vector expressed in
the coordinate system of the server 500 for each data
point, and record the point cloud data in association with
the detailed time information.

[0200] Fig.34isaflowchartindicatinganotherexample
of the operations of the processing device 530. The flow-
chart illustrated in Fig. 34 is similar to the flowchart illus-
trated in Fig. 31, except that step S6100 is added be-
tween step S4300 and step S4400. Also in this example,
similarly to the example of Fig. 33, after data acquisition,
the processing device 530 determines the format of the
velocity information for each frame, rather than determin-
ing the format of the velocity information common to all
data. Hereinafter, different points from the example illus-
trated in Fig. 31 will be described.

(Step S6100)

[0201] After the coordinate transformation processing
in step S4300, the processing device 530 determines
whether or not processing for each frame has been com-
pleted for all the frames. Ifthere are unprocessed frames,
processing advances to step S4400. If processing has
been complete for all the frames, processing returns to
step S4100.

[0202] The operations from step S4400 to Step S5300
are similar to the operations illustrated in Fig. 31. In the
example illustrated in Fig. 34, after step S5300, process-
ing returns to step S6100. By repeating step S6100 to
step S5300, the processing device 530 can process the
velocity information of each point for each frame accord-
ing to the format specified for each frame, convert it into
point cloud data including the velocity vector information
expressed in the coordinate system of the server 500 for
each data point, and records the data in association with
the detailed time information.

[0203] Next, a description will be given of an example
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of the operation in which the server 500 outputs informa-
tion on road conditions at specific time and in a specific
space, in response to input of an information request.

[0204] Fig. 35 is a flowchart illustrating an example of
the operation of the server 500 outputting the information
on the road conditions. The server 500 in this example
performs the operations from step S7000 to S7400 illus-
trated in Fig. 35. Upon receipt of a start signal inputted
from the inputdevice 510, the server 500 starts operating.
Hereinafter, the operation in each step will be described.

(Step S7000)

[0205] The processing device 530 determines whether
or not an end signal has been inputted from the input
device 510. Ifthe end signal has been inputted, the server
500 ends its operation. If no end signal has been inputted,
processing advances to step S7100.

(Step S7100)

[0206] The processing device 530 determines whether
or not an information request signal has been inputted
from the input device 510. If the information request sig-
nal has been inputted, processing advances to step
S7200. If no information request signal has been input-
ted, step S7100 is repeated until the information request
signal is inputted.

[0207] The information request signal is a signal that
specifies a specific time range and a specific spatial
range. The inputdevice 510 may determine a time range,
for example, using a method of setting a predefined fixed
time width before and after a specific date and time spec-
ified by a user or the like. Alternatively, a time range may
be determined according to start time and end time of
the time range entered by the user or the like. A spatial
range can be determined, for example, using a method
of the user inputting latitude and longitude or entering an
address as character strings, or the like, to specify a spe-
cific point and determine an area surrounding that point
as a spatial range. Alternatively, a spatial range may be
specified by the user specifying an area on a map.

(Step S7200)

[0208] Based on the time range and the spatial range
indicated by the information request signal inputted in
step S7100, the processing device 530 acquires data on
points that are included in the time range in which the
measured time has been inputted and that are included
in the spatial range in which the position coordinates have
been inputted, among the point cloud data recorded in
the storage device 540.

(Step S7300)

[0209] The processing device 530 generates display
data for three-dimensionally displaying the point cloud
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based on the positional information of each point in the
data acquired in step S7200. For example, the process-
ing device 530 may generate display data that three-di-
mensionally represents the velocity vector of each point
in the data acquired in step S7200, as a vector having a
starting point at the position of each point. Such display
data represents distribution of physical objects and mo-
tion thereof in the specified time range and spatial range.

(Step S7400)

[0210] The processing device 530 outputs the display
data generated in step S7300 to the output device 520
such as a display. The output device 520 displays an
image indicating the three-dimensional distribution of the
physical objects in a specific location based on the dis-
play data. When the specified time range is long, moving
image data may be generated as display data. After the
operation in step S7400, processing returns to step
S7000.

[0211] In the example illustrated in Fig. 28, the server
500 includes the input device 510 and the output device
520, but the input device 510 and the output device 520
may be external elements of the server 500. As illustrated
in Figs. 1to 4, for example, the server 500 does not have
toinclude the input device 510 and the output device 520.
[0212] Next, a description will be given of an example
of an operation in which the server 500 in the system
illustrated in Figs. 2 and 4 generates road information
based on the data acquired from the plurality of sensing
devices 100 in the plurality of fixed bodies 400, and trans-
mits the information to the mobile object 300.

[0213] Fig. 36 is a flowchart illustrating an example of
the operation in which the server 500 generates and
transmits road information. The server 500 in this exam-
ple performs the operations from step S8000 to S8400
illustrated in Fig. 36. Upon receipt of a start signal inputted
fromthe inputdevice 510, the server 500 starts operating.
Hereinafter, the operation in each step will be described.

(Step S8000)

[0214] The processing device 530 determines whether
or not an end signal has been inputted from the input
device 510. Ifthe end signal has beeninputted, the server
500 ends its operation. If no end signal has been inputted,
processing advances to step S8000.

(Step S8100)

[0215] The processing device 530 determines whether
or not the current time is predefined transmission time of
the road information. If the current time is the transmis-
sion time of the road information, processing advances
to step S7200. If the current time is not the predefined
transmission time of the road information, step S8100 is
repeated until the transmission time is reached.

[0216] The server 500 may transmit the road informa-
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tion, for example, at fixed time intervals. In the environ-
ment illustrated in Fig. 2, the server 500 may transmit the
road information at a relatively short time interval such
as 0.1 second. In that case, the mobile object 300 on a
vehicle approaching a junction point receives the road
information transmitted at fixed time intervals. The road
information may indicate distribution of physical objects
existing in the road environment surrounding the mobile
object 300 and distribution of traveling velocities of the
physical object. By receiving such road information, the
mobile object 300 can learn the road condition such as
an area thatbecomes a blind spot on aroad, for example,
a confluent road when seen from a vehicle moving on
the main road, or behind the main road as seen from a
vehicle on the confluent road, or the like.

(Step $8200)

[0217] Based on the preset time range and the spatial
range, the processing device 530 acquires data on points
that are included in the time range in which the measured
time has been inputted and that are included in the spatial
range in which the position coordinates have been input-
ted, among the point cloud data recorded in the storage
device 540. As the time range, for example, a range from
0.05 seconds before the current time till the current time
may be set. As the spatial range, for example, an area
including the main road and the confluent road within 100
m before the junction point may be set. As the time range
and the spatial range, a range necessary for avoiding
dangers may be defined by, for example, taking the road
condition, in particular, the vehicle velocities and the road
structure, into consideration.

(Step S8300)

[0218] The processing device 530 converts the data
acquired in step S8200 into output data in the data format
of the point cloud including the velocity information as
exemplified in Figs. 14 to 17. The velocity information
represents the velocity of the object at the data point, and
the format ID of the velocity information describes an ID
indicating the velocity vector of the object. Alternatively,
the data does not have to include the format ID of the
velocity information. The processing device 530 gener-
ates output data for transmission and causes the com-
munication device 550 to transmit it.

[0219] Note that itis not necessary to convert all data
points into output data in step S8300. When a spatial
density of data points is larger than or equal to a certain
density, the processing device 530 may reduce the
number of data points and convert them into output data.
The data points may be reduced according to the spatial
density or based on the number of points in the cluster.
If the data acquired from the sensing device 100 includes
supplementary information such as likelihood or reliabil-
ity of measurement results of the data point, data may
be reduced based on the supplementary information of
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the data point.
(Step S8400)

[0220] The communication device 550 transmits the
road information indicating the latest road condition gen-
erated in step S8300 to the mobile object 300. After the
operation in step S8400, processing returns to step
S8000.

[0221] By repeating the operations from step S8000 to
S8400, the server 500 can periodically transmit the cur-
rent road information and provide vehicles running on
roads with blind spots such as the junction points with
information on the conditions of the surrounding roads.
[0222] Fig. 37 is a flowchart illustrating another exam-
ple of the operation in which the server 500 generates
and transmits the road information. The flowchart illus-
trated in Fig. 37 is same as the flowchart illustrated in
Fig. 36, except that the operation in the step S8100 illus-
trated in Fig. 36 is replaced with the operation in step
S8110. Therefore, only the operation in step S8110 will
be described.

(Step S8110)

[0223] The processing device 530 determines whether
or not the communication device 550 has received data
including valid point cloud information from the one or
more sensing devices 100. If the communication device
550 has not received the valid data from the sensing de-
vices 100 atthe time immediately before the current time,
step S8110 is repeated till the valid data is received. If
the communication device 550 has received the valid da-
ta from the sensing devices 100 at the time immediately
before the current time, processing advances to step
S8200.

[0224] In a system that monitors blind spots on roads
as in the example of Fig. 2, the sensing device 100 gen-
erates valid point cloud data when the mobile objects 300
such as vehicles are present on roads. Reception of the
valid point cloud data by the server 500 indicates pres-
ence of the mobile objects such as vehicles in the area
to be monitored or in its neighborhood. By transmitting
information on the road condition when the communica-
tion device 550 receives the valid data, the server 500
can efficiently transmit the information indicating the road
condition to the mobile objects 300 such as vehicles ap-
proaching an area with a blind spot such as a road junc-
tion point.

[1-6. Effects, etc.]

[0225] As described above, the sensing device 100 in
the present embodiment outputs the information on the
position, the detailed time, and the velocity of each data
point, as the output data. The velocity related information
represents the relative velocity vector of the data point
with respect to the sensor 200 that performed ranging of
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that data point, or the relative velocity vector component
indicating the component of the relative velocity vector
of the data point in the direction along the straight line
connecting the sensor 200 and the data point. The rela-
tive velocity vector and the relative velocity vector com-
ponent may both be expressed as the vectors in the co-
ordinate system set in the sensing device 100. Note that
the relative velocity vector component may be expressed
as a scalar representing its magnitude. If the positional
information of the data point and the information on the
reference position (that is, the coordinate origin) of the
sensing device 100 are known, the relative velocity vector
component as a vector can be calculated from the infor-
mation on the magnitude of the relative velocity vector
component. The sensing device 100 generates and out-
puts the output data including, as the identification infor-
mation, the code representing the format of the velocity
that indicates whether the velocity information of each
data point included in the output data is the relative ve-
locity vector or the relative velocity vector component.
Such a code being included in the output data, the server
500 that receives the output data can discriminate the
type of the velocity information accompanying the point
cloud data, based on the code. The server 500 performs
different processing according to the type of the discrim-
inated velocity information. For example, when the ve-
locity information represents the relative velocity vector
component, the server 500 performs processing to trans-
form the relative velocity vector component of each point
into the actual velocity vector expressed in the coordinate
system of the server 500. Such processing can facilitate
the integration of the output data even if the output data
with different velocity expression formats is acquired in
many batches from the one or more sensing device 100.
[0226] Note thatthe sensing device 100 may be mount-
ed not only in the fixed bodies 400 but also in the mobile
objects 300 such as vehicles equipped with, for example,
self-driving capability. In that case, velocity information
of the point cloud acquired by the sensing device 100 is
influenced by the traveling velocity of the mobile objects
300. Therefore, the processing circuit 110 of the sensing
device 100 in the mobile object 300 may acquire the in-
formation on the position and a traveling velocity vector
of the mobile object 300 from the controller 320 of the
mobile object 300, include the information in the output
data, and output the data. In that case, in the data formats
exemplified in Figs. 14 to 17, for each frame, the posi-
tional information of the mobile object 300 may be written
in three bytes, for example, and the information on the
traveling velocity vector may be written in three bytes,
for example. The server 500 acquires the point cloud
data with the velocity information from the sensing device
100 of the mobile object 300, and determines the position
and the direction of the sensing device 100 based on the
information on the position and the traveling velocity of
the mobile object 300, thereby being able to perform the
coordinate transformation of the position and the velocity
in the point cloud data acquired from the sensing device



53 EP 4 394 445 A1 54

100. Utilizing the information on the traveling velocity of
the mobile object 300, the server 500 can further estimate
the actual velocity vector expressed in the coordinate
system of the server 500 from the information on the rel-
ative velocity of each data point in the data acquired from
the sensing device 100 mounted on the mobile object
300.

[0227] In the present embodiment, the sensing device
100 performs measurements at any timing without re-
ceiving instructions from the server 500, determines the
type of the velocity information, generates data, and
transmits the data. At this time, the sensing device 100
may determine the type of the velocity information to be
transmitted to the server 500, according to changes in
the communication rate with the server 500. Instead of
such an operation, the sensing device 100 may perform
measurements based on instructions from the server
500. Alternatively, the sensing device 100 may generate
data to be transmitted to the server 500 based on the
specification of the type of the velocity information from
the server 500. The server 500 may transmit different
signals such as a signal instructing to start measurement,
a signal specifying frequency of measurements, or a sig-
nal specifying a type of velocity information, depending
on contents of the instruction to the sensing device 100.
[0228] In the present embodiment, the sensing device
100 and the server 500 in the system communicate via
the network 600, but the communication does not nec-
essarily have to go through the network 600. For exam-
ple, the sensing device 100 and the server 500 may be
connected through communications within a system sep-
arated from other communication networks. For exam-
ple, a system may be configured in which a control circuit
that controls operations of mobile objects and one or
more sensing devices communicate via a communica-
tion network within the system, and the control circuit
monitors the situations surrounding the mobile object. In
addition, the technology of the present embodiment may
be applied to a system that constantly monitors a certain
spatial area, such as a security system, or a monitoring
system for nursing care facilities or hospitals. Such sys-
tems may be such configured that a circuit controlling
operations such as warning or calling and one or more
sensing devices can communicate through a communi-
cation network within the system, rather than going
through an external network.

[0229] The various modification examples described
above may be applied not only to the present embodi-
mentbut also to respective embodiments to be described
below.

(Embodiment 2)

[0230] Next, a second embodiment of the present dis-
closure will be described.

[0231] A sensing device in the present embodiment
outputs information indicating an emission direction of
light and a spectrum of interference light, instead of out-
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putting the velocity information of the pointcloud. Aserver
thatreceives data from the sensing device 100 calculates
adistance and a velocity of an object from the light emis-
sion direction and information on the spectrum of the in-
terference light, and can generate the point cloud data
including the velocity information of each point. Herein-
after, different points from Embodiment 1 will be mainly
described.

[0232] A physical configuration of the sensing device
100 in the present embodiment is similar to the configu-
ration illustrated in Fig. 7. In the present embodiment,
however, each sensor 200 outputs information indicating
the light emission direction and the spectrum of detected
interference light, rather than outputting the information
on the position and the velocity of each data point. The
processing circuit 240 of each sensor 200 generates
spectrum information of the interference light based on
a detection signal outputted from the photodetector 230
and generates measurement data including the spec-
trum information. The spectrum information includes in-
formation on the power spectrum of the detection signal
or the peak frequency of the power spectrum. Based on
the information indicating the emission direction of light
outputted from the sensor 200, the processing circuit 110
converts the information on the emission direction into
information on a vector expressed in the coordinate sys-
tem of the sensing device 100 and generates output data
for transmission including information on the converted
emission direction and information on the corresponding
spectrum. The storage device 130 stores the light emis-
sion direction, the spectrum information corresponding
to the emission direction, and a fixed value of the sensing
device 100. The communication circuit 120 transmits the
data for transmission generated by the processing circuit
110.

[2-1. Operation of Sensing Device]

[0233] Operations of the sensing device 100 in the
present embodiment are similar to the operations illus-
trated in Fig. 26. In the present embodiment, however,
the format of each of the data recorded in step S1400
and the data generated in step S1910 differ from the ex-
ample of Fig. 26. Hereinafter, different points from the
example of Fig. 26 will be described.

(Step S1400)

[0234] The processing circuit 110 acquires the infor-
mation on the light emission direction and the spectrum
information from the sensor 200. The spectrum informa-
tion is information indicating a result of frequency analy-
sis of interference light generated by the interference op-
tical system 220 illustrated in Fig. 8. The spectrum infor-
mation may be, for example, information on the power
spectrum indicating signal energy of each frequency. The
spectrum information is generated, for example, by the
processing circuit 240 of the sensor 200 performing a
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fast Fourier transformation on a detection signal. The
processing circuit 110 of the sensing device 100 trans-
mits, to the storage device 130, the spectrum information
outputted from the sensor 200, information indicating the
sensor 200 that generates the spectrum information, in-
formation indicating a laser light emission direction, and
information indicating data acquisition time. The storage
device 130 stores the information.

[0235] By repeating the operations from step S1200 to
step S1400, the sensing device 100 stores the informa-
tion indicating the light emission direction acquired by
oneormore sensors 200 in a predetermined frame period
and the corresponding spectrum information.

[0236] Fig. 38 is a diagram illustrating an example of
information recorded in the storage device 130. In the
example of Fig. 38, a sensor ID that is an identification
number of the sensor 200, an emission direction of a
laser light emitted from the sensor 200, measurement
time, and the spectrum information of the interference
light are associated with each other and recorded. The
emission direction may be converted into an expression
in a specific coordinate system set in the sensing device
100 and recorded, for example. The spectrum informa-
tion may be, for example, information indicating a power
spectrum obtained by fast Fourier transforming the de-
tection signal of the interference light, that is a value of
the intensity of each frequency.

(Step S1910)

[0237] The processing circuit 110 generates outputda-
ta of the frame. The processing circuit 110 generates
output data according to the data formatillustrated in Fig.
39, for example.

[0238] Fig. 39 illustrates an example of output data.
The outputdataillustrated in Fig. 39 includes afixed value
and data for each frame. The fixed value may be output-
ted only at the beginning or end of a data string, for ex-
ample. Alternatively, the fixed value may be outputted,
for example, once every predefined fixed period of time
or a fixed number of frames. Similarly to the example
illustrated in Fig. 14, the fixed value includes information
on a position of the sensing device 100, a direction of the
sensing device 100, the number of sensors included in
the sensing device 100, a code indicating a type of data
included in the output data, the number of irradiation
points of each sensor, the number of spectrum bands,
and frequency range. In the example of Fig. 39, the data
type is expressed in one byte, and the spectrum infor-
mation obtained from the frequency analysis of interfer-
ence light, that is, information on signal intensity of each
frequency is indicated as the measurement result.
[0239] Data of normal frames describes data that var-
ies from frame to frame. In this example, the processing
circuit 110 generates output data including the measure-
ment time for each emission direction, the laser light
emission direction, and the spectrum information, by re-
ferring to the data recorded in the storage device 130
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exemplified in Fig. 38.

[0240] In the example illustrated in Fig. 39, the spec-
trum information is expressed in a format in which the
signal intensities of each frequency band that is obtained
from the frequency analysis on the interference light is
sequentially arranged over a plurality of bands. In Fig.
39, the signal intensity of each frequency band is ex-
pressed as "spectrum intensity". The signal intensity of
each frequency band may be recorded and outputted for
each of up-chirp and down-chirp of an interference wave.
Instead of such an expression format, the processing cir-
cuit 110 may, for example, output only the intensities of
frequency bands whose signal intensities are equal to or
largerthan a certain value among the analyzed frequency
bands. Alternatively, the processing circuit 110 may out-
put, as the spectrum information, only information on fre-
quency that takes a peak value having the signal intensity
equal to or larger than the certain value and the signal
intensity of that frequency among the analyzed frequency
bands.

[0241] As data outputted for each frame, in the exam-
ple of Fig. 39, data for each laser light emission direction
in the frame is outputted. For example, the detailed time
information indicating of irradiation time of laser light may
be indicated in five bytes, for example, and the laser light
emission direction (for example, two-dimensional infor-
mation of an elevation angle or an azimuth angle) may
be indicated in two bytes. Then, each of the spectrum
intensity in up-chirp and the spectrum intensity in down-
chirp may be expressed on a byte basis, for example, for
the number of spectrum analysis points written as fixed
values. A value of the spectrum intensity is written by
twice the number of the spectrum analysis points. With
such a format, data on the time, the emission direction,
and the spectrum intensity in up-chirp and down-chirp is
outputted every time the laser light is emitted. A series
of data for each laser light emission is repeated for the
number of times of laser light emissions within the frame.
In this manner, based on the data acquired by measuring
each frame, the processing circuit 110 generates, asdata
for communication, output data for which information on
the power spectrum in each of up-chirp and down-chirp,
the information being obtained by the frequency analysis
of the interference light, is associated with the laser light
emission direction and the measurement time.

[0242] The processing circuit 110 may generate output
data, for example, in the format illustrated in Fig. 40, in-
stead of the format illustrated in Fig. 39.

[0243] Fig. 40 is a diagram illustrating an example of
output data in XML format. In the example of Fig. 40, a
fixed value is written at the beginning of the data. In the
example of Fig. 40, the fixed value includes information
indicating a position of the sensing device 100, an orien-
tation of the sensing device 100, the number of sensors
included in the sensing device 100, a code indicating a
type of data to be transmitted in each frame, the number
of data points in the spectrum, and the frequency range.
In the example of Fig. 40, for the data type, a code indi-
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cating that the spectrum information, not the velocity in-
formation, is included is written. The fixed value is fol-
lowed by the reference time, written as common infor-
mation in the frame, similarly to the example illustrated
in Fig. 16. Following the reference time, a list of IDs of
the time information set for each irradiation time of the
laser light is written. Collectively writing the time informa-
tion in this manner makes it possible to compress a vol-
ume of data as compared with storing the detailed time
of each laser light irradiation in association with all data.
Furthermore, a parameter that controls the laser light
emission direction is written as the common data within
the frame. This parameter includes information on the
number of steps in the x-axis direction, the number of
steps in the y-axis direction, a viewing angle in the x-axis
direction, and a viewing angle in the y-axis direction in
the coordinate system (x-y coordinate system) of the
sensing device 100. By including such a parameter in
the output data, the server 500 can determine the emis-
sion direction based on a sequence of laser light emis-
sions. In the example of Fig. 40, a code indicating a data
format of velocity of spectrum is further written. In this
example, as data of the power spectrum obtained from
the frequency analysis before velocity calculation is
transmitted, a code indicating the power spectrum is writ-
ten. Furthermore, a total number of laser light emission
directions within the frame is written as the number of
irradiation points. Subsequently, for each laser light emis-
sion direction, data on the parameter indicating the emis-
sion direction, the detailed time information, and the
spectrum information is written. In the example of Fig.
40, information on the power spectrum in up-chirp and
the power spectrum in down-chirp is written as the spec-
trum information.

[0244] In the examples illustrated in Figs. 39 and 40,
the output data includes information on the power spec-
trum obtained by the frequency analysis. Instead of such
a format, the processing circuit 110 may generate output
data including, as the spectrum information, information
only on the peak frequency of a frequency having a signal
intensity larger than or equal to a predefined threshold
and its signal intensity.

[0245] Fig. 41 is a diagram illustrating an example of
output data that includes information on the peak fre-
quency and its intensity as the spectrum information. In
this example, intensities of one or more peak frequencies
whose intensities exceed a predefined threshold are
transmitted as the spectrum information, rather than all
the intensities of spectra obtained by the frequency anal-
ysis. The processing circuit 110 selects a predefined
number of spectral peaks, for example, in descending
order of peak values. In the example of Fig. 41, as the
fixed value common to the frame, the position of the sens-
ing device 100, the orientation of the sensing device 100,
and the number of sensors included in the sensing device
100 are written. Furthermore, the type of output data, the
number of irradiation pointsin one frame, and the number
of spectral peaks transmitted as measurement data are
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written.

[0246] As data for each frame, for example, for each
emission direction, information on detailed irradiation
time may be written in five bytes, the irradiation direction
may be written in two bytes, the spectral peak frequency
may be written in one byte, and the signal intensity at
that frequency may be written in one byte. A set of the
frequency and the signal intensity is repeated for the
number of spectral peaks written as the fixed value, for
each of up-chirp and down-chirp. A data string of the set
of the frequency and the signal intensity for the number
of peaks is repeated for the number of irradiation points
written in the fixed value, and one frame of data is written.
[0247] Fig. 42 is a diagram illustrating an example of
output datain XML format thatincludes the peak frequen-
cy and information on its intensity as the spectrum infor-
mation. In this example, the position of the sensing device
100, the orientation of the sensing device 100, the
number of sensors 200 included in the sensing device
100, and the type of measurement data are written as
the fixed values common to the frame. As information
common to the data in the frame, for each frame, the
reference time, a time information ID of indicating the
detailed time, the parameter determining the laser light
emission direction, the code indicating the data format
for velocity calculation, the number of laser light irradia-
tion points, and the number of spectral peaks to be trans-
mitted are written. Following the information common to
these frames, a parameter indicating the emission direc-
tion in each irradiation, the time ID, the peak frequency
in each of up-chirp and down-chirp, and the signal inten-
sity atits frequency are written, for all laser light irradiated
in the frame.

[2-2. Operation of Server]

[0248] Next, the operations of the server 500 in the
presentembodiment will be described. Inthe presentem-
bodiment, the server 500 may receive, from the sensing
device 100, output data including the positional informa-
tion and the velocity information of the point cloud but
also output data including the spectrum information for
calculating a distance and a velocity. For example, the
server 500 may receive, from the sensing device 100,
output data including the spectrum information on the
interference waves detected in each of the up-chirp pe-
riod and the down-chirp period, the information being ac-
quired by an FMCW sensor. Therefore, the server 500
performs different signal processing depending on a type
of received data, according to the code indicating the
data type included in the output data.

[0249] Fig. 43 is a flowchart illustrating an example of
the operation of the server 500. In this flowchart, steps
S3100, S3200, and S3900 are similar to the operations
in the corresponding steps in Fig. 30. Hereinafter, differ-
ent points from the operations in Fig. 30 will be described.
[0250] When the processing device 530 of the server
500 acquires data from any sensing device 100 within a
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certain frame period in step S3200, processing advances
to step S9100.

(Step S9100)

[0251] The processing device 530 determines whether
or not the generation processing of the point cloud data
including the information on the velocity expressed in the
coordinate system of the server 500 (that is, the relative
velocity vector or the relative velocity component) has
been finished, for all of the information on the position
and the velocity of the point cloud received from the one
or more sensing device 100 in step S3200 or the spec-
trum information for calculating the position and the ve-
locity of the point cloud. When the generation processing
of the point cloud data has been completed for all the
data, processing advances to step S9800. When there
remains unprocessed data, processing advances to step
S9200.

(Step S9200)

[0252] The processing device 530 selects one piece
of data for which processing has not been performed,
among the data acquired in step S3200. The data select-
ed here is data corresponding to one data point in the
point cloud.

(Step S9300)

[0253] The processing device 530 discriminates the
format of the data acquired in step S3200. The process-
ing device 530 discriminates the format of the data based
on the code indicating the type or format of the data in-
cluded in the fixed value or information for each frame in
the acquired data. In the example of Fig. 43, there are
the following four types of data formats.

[0254] A first formatis a format of the point cloud data
including the information on the relative velocity vector
of each data point with respect to the sensing device 100.
The data in the first format may be written in any of the
formats in Figs. 14 to 17, for example. When the data
format is the first format, processing advances to step
S9410.

[0255] A second format is data including the informa-
tion on the component of the relative velocity vector of
each data point with the respect to the sensing device
100 along the straight line connecting the sensing device
100 and the data point. The data in the second format
may be written in the format illustrated in Fig. 14 or 16,
for example. When the data format is the second format,
processing advances to step S9420.

[0256] A third format is a format including the informa-
tion on the emission direction of laser light emitted for
measurement, and the information on the spectral peak
of interference light obtained when the laser light is emit-
ted. The data in the third format may be written in the
formatillustrated in Fig. 41 or 42, for example. When the
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data format is the third format, processing advances to
step S9430.

[0257] A fourth format includes the information on the
emission direction of laser light emitted for measurement,
and the information on the power spectrum calculated
by the frequency analysis of the interference light ob-
tained when the laser light is emitted. The data in the
fourth format may be written in the format illustrated in
Fig. 41 or 42, for example. When the data format is the
fourth format, processing advances to step S9450.

(Step S9410)

[0258] When the data format is the first format, the
processing device 530 extracts, from the acquired data,
information on the measurement time, the position, and
the relative velocity vector of the data point.

(Step $9420)

[0259] When the data format is the second format, the
processing device 530 extracts, from the acquired data,
information on the measurement time, the position, and
the relative velocity component vector of the data point.

(Step $9430)

[0260] When the data format is the third format, the
processing device 530 extracts data on the spectral
peaks in each of up-chirp and down-chirp from the ac-
quired data.

(Step S9440)

[0261] The processing device 530 determines whether
or not there is a peak exceeding a predefined threshold
of the spectral peaks of each in up-chirp and down-chirp.
If there is the corresponding peak both in the up-chirp
and the down-chirp, processing advances to step S9500.
If there is no peak exceeding the predefined threshold in
at least one of the up-chirp and the down-chirp, process-
ing returns to step S9100. If no spectral peak can be
identified, there is a possibility that the sensor 200 of the
sensing device 100 could not acquire a data point be-
cause no interference due to reflected light occurred in
that emission direction. In such a case, processing does
not proceed to subsequent processing and returns to
step S9100.

(Step S9450)

[0262] When the data format is the fourth format, the
processing device 530 extracts data on the power spec-
trum in each of the up-chirp or the down-chirp from the
acquired data.
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(Step S9460)

[0263] The processing device 530 determines fromthe
data on the power spectrum in each of the up-chirp and
the down-chirp whether or not there is any peak exceed-
ing the predefined threshold. If there are corresponding
peaks both in the up-chirp and the down-chirp, process-
ing advances to step S9500. If there is not the peak ex-
ceeding the predefined threshold in at least one of the
up-chirp and the down-chirp, processing returns to step
S9100.

(Step S9500)

[0264] Based on the spectral peak value selected or
extracted in step S9440 or step S9460, the processing
device 530 calculates a distance to the data point and a
relative velocity component of the data point in the direc-
tion along the straight line connecting the sensor and the
data point. Here, if there is a plurality of valid spectral
peaks in either each of the up-chirp and the down-chirp,
orboth of the up-chirp and the down-chirp, the processing
device 530 selects one spectral peak for each of the up-
chirp and the down-chirp. As a selection method, there
is, for example, a method of selecting a peak with the
maximum signal intensity for each of the up-chirp and
the down-chirp. In addition to the method of selecting the
peak with the maximum signal intensity, another method
is, for example, to select a peak in a specific frequency
band, or the like. The processing device 530 calculates
the distance from the sensor to the data point and the
velocity with the method described with reference to Figs.
10 and 11, according to the peak frequency selected for
each of the up-chirp and the down-chirp. The processing
device 530 can generate positional information of the da-
ta point based on the calculated distance and the infor-
mation on the laser light emission direction. The velocity
calculated based on the peak frequency of each of the
up-chirp and the down-chirp is the component vector of
the relative velocity between the sensing device 100 and
the object corresponding to the data point for which the
positional information is generated, the component vec-
tor being in the direction that matches the laser emission
direction. The positional information and the velocity in-
formation of the data point that are generated in step
S9500 have a format similar to the data discriminated as
the second format in step S9300.

(Step S9600)

[0265] The processing device 530 transforms the po-
sitional information and the velocity information of the
data point from the coordinate system of the sensing de-
vice 100 to the coordinate system of the server 500, and
records the converted data in the storage device 540.
After step S9600, processing returns to step S9100.

[0266] By repeating the operations from step S9100 to
step S9600, the processing device 530 can generate and
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record point cloud data including the positional informa-
tion and the velocity information of each point, irrespec-
tive of the format of the data in the frame.

(Step S9800)

[0267] When the coordinate transformation process-
ing is finished for all the data points in the frame, the
processing device 530 performs the clustering process-
ing and the velocity vector estimation processing. With
the processing described above, the positional informa-
tion and the velocity information is recorded in the storage
device 540, for all the data points in the frame. However,
for data processed through step S9410, information on
the actual relative velocity vector with respect to the sens-
ing device 100 is recorded as the velocity information of
each point. On the other hand, for data processed
through steps S9420, S9430 and S9450, the information
on the relative velocity component vector is recorded as
the velocity information of each point. The processing
device 530 performs the clustering processing to inte-
grate the point cloud data that may have different types
of velocity information, and estimates velocity vectors of
the physical object corresponding to each data point. The
processing here is similar to, for example, the processing
from steps S3400 to S3700 in Figs. 30 and 33 or the
processing from steps S4500 to S5100 and S5200 in
Figs. 31 and 34.

(Step S3900)

[0268] The processing device 530 causes the storage
device 540 to store the positional information and the
velocity vector information of each data point estimated
in step S9800.

[0269] By repeating the processing from step S3100
to step S3900 illustrated in Fig. 43, the server 500 can
acquire data from one or more sensing devices 100 and
record the velocity information for each data point in the
coordinate system of the server 500 together with the
detailed time information. According to the present em-
bodiment, even if data transmitted from each sensing
device 100 is the point cloud data with the velocity infor-
mation or data including the spectrum information for
generating the point cloud data, the data can be convert-
ed to point cloud data having the velocity vector informa-
tion expressed in the coordinate system of the server 500
and be recorded. Furthermore, the server 500 can trans-
mit data representing the environmental situation in a
specific time range or a specific spatial range to the mo-
bile objects 300 such as vehicles, based on the generated
point cloud data.

(Embodiment 3)
[0270] Next, a third embodiment of the present disclo-

sure will be described.
[0271] Inthe present embodiment, the sensing device
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100 is mounted on the mobile object 300. The server 500
specifies a type of data to be generated by the sensing
device 100, depending on the environmental situation in
which the mobile object 300 operates. The sensing de-
vice 100 generates data according to the type of data
specified by the server and transmits the data. This can
cause the sensing device 100 to output data including
the spectrum information of interference light that can be
analyzed in detail, for example, when the server 500
needs detailed information in the environment. Herein-
after, different points from Embodiments 1 and 2 will be
described.

[3-1. System Configuration]

[0272] Fig. 44 is a block diagram illustrating a config-
uration example of a system including the server 500 and
the mobile object 300 including the sensing device 100
in the presentembodiment. The configuration of the serv-
er 500 is similar to the configuration illustrated in Fig. 4,
for example. The mobile object 300 includes the sensing
device 100, the communication device 310, the controller
320, and the drive device 330. The sensing device 100
includes one or more sensors 200 and the processing
circuit 110. Note that the number of the sensor 200 in-
cluded in the sensing device 100 is arbitrary and may be
singular.

[3-2. Configuration of Mobile Object]

[0273] A configuration of the sensor 200 included in
the sensing device 100 is similar to the configuration of
the sensor 200 in Embodiments 1 and 2. As illustrated
in, for example, Fig. 4, the sensor 200 includes the light
source 210, the interference optical system 220, the pho-
todetector 230, the processing circuit 240, and the clock-
ing circuit250. Frequency modulated light outputted from
the light source 210 is divided to reference light and out-
put light by the interference optical system 220. The in-
terference optical system 220 generates interference
light between the reference light and reflected light gen-
erated by the output light being reflected by a physical
object, and cases the interference light to enter the pho-
todetector 230. The photodetector 230 detects the inter-
ference light and outputs a detection signal according to
intensity of the interference light. The processing circuit
240 analyzes the frequency of the interference light, cal-
culates time till it takes for the output light to be reflected
by the object and return as the reflected light, and deter-
mines a distance to the object. The processing circuit
240 also calculates the vector of the velocity component
of the relative velocity between the sensor 200 and the
object, the velocity component being a component par-
allel to the emitted light, based on a difference between
the frequency of the interference light in up-chirp of the
frequency modulation and the frequency of the interfer-
ence light in down-chirp. Note that the processing circuit
240 may generate the spectrum information obtained by
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Fourier transforming the detection signal, instead of cal-
culating the distance and the velocity component, simi-
larly to Embodiment 2.

[0274] The communication device 310 transmits, tothe
server 500, data including information on the distance
and the velocity measured by the sensing device 100 or
the spectrum information for calculating the distance and
the velocity. The communication device 310 also re-
ceives a request signal specifying a format of the data
transmitted from the server 500.

[0275] The processing circuit 110 processes the infor-
mation on the distance and the velocity outputted from
the one or more sensors 200 or the spectrum information
for calculating the distance and the velocity and gener-
ates output data including the information on the distance
or the position and the velocity of the object or the spec-
trum information that may generate the information. The
output data is transmitted to the server 500 by the com-
munication device 310. The processing circuit 110 de-
termines a measurement operation of the sensor 200
according to the request signal that the communication
device 310 acquires from the server 500 and generates
a control signal for controlling the sensors 200.

[0276] The controller 320 may be a device, such as an
electronic control unit (ECU), that includes a processor
and a memory. The controller 320 determines the mobile
object’s 300 own position, direction, and course, based
on map information, the map information being recorded
in advance in a storage device and indicating the road
environment, and the information on the distance or the
position and the velocity of the object, the information
being generated by the processing circuit 110. The con-
troller 320 generates a control signal for controlling the
drive device 330 based on those pieces of information.
The controller 320 may also transmit, to the processing
circuit 110, the control signal to the drive device 330.
Based on the control signal from the controller 320, the
processing circuit 110 can acquire information on the op-
eration of the mobile object 300, such as a traveling di-
rection, a traveling velocity, and acceleration.

[0277] The drive device 330 may include various de-
vices used in movement of the mobile object 300, such
as wheels, an engine or an electric motor, atransmission,
or a power steering device. The drive device 330 oper-
ates based on a control signal outputted from the con-
troller 320, and causes the mobile object 300 to perform
operations such as accelerating, decelerating, turning to
the right, turning to the left, or the like.

[3-3. Operation]

[0278] Fig. 45 is a diagram illustrating communication
between the server 500 and the mobile object 300, and
an example of processing flow therebetween in chrono-
logical order. The mobile object 300 runs while perform-
ing ranging using the sensing device 100. The commu-
nication device 310 of the mobile object 300 transmits,
tothe server 500, measurementdata including a distance
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or a position of each reflecting point and the velocity in-
formation, for example, at fixed time intervals. The server
500 generates point cloud data including the velocity in-
formation with the method described in Embodiment 1,
based on the data acquired from the mobile object 300.
[0279] During normal operation, the server 500 may
receive a notice from an external device indicating that
abnormality has occurred in an environment in which the
mobile object 300 runs. The notice may be a notice of,
for example, entry of a person into an operating area of
the mobile object 300. For example, when it is known in
advance that a worker will enter for road inspection or
construction, a notice may be transmitted from the exter-
nal device to the server 500. The server 500 can request
one or more mobile objects 300 to transmit detailed in-
formation that allows for analysis of detailed positional
information and velocity information, in order to acquire
detailed information on the intruder. The detailed infor-
mation is used to estimate a position and a velocity of a
physical object in the environment with higher accuracy
than the positional and velocity information generated by
the sensing device 100. The detailed information may
be, for example, measurement data in a format that in-
cludes the spectrum information described in Embodi-
ment 2.

[0280] The mobile object 300 transmits, to the server
500, the spectrum information that may generate the de-
tailed positional information and velocity information, ac-
cording to the request from the server 500.

[0281] The server 500 receives the spectrum data
transmitted by the mobile object 300, calculates the dis-
tance and the velocity from the spectrum data, and mon-
itors the intruder through the coordinate transformation
into the coordinate system of the server 500, as well as
discrimination processing on point cloud data, tracking
processing, or the like.

[3-3-1. Operation of Server]

[0282] Fig. 46 is a flowchart illustrating an example of
the operation of the server 500 in the present embodi-
ment. The server 500 in this example performs the op-
erations from steps S10010 to S10100 illustrated in Fig.
46. Upon receipt of a start signal inputted from an input
device, the server 500 starts operating. In the following,
the operation in each step will be described.

(Step S10010)

[0283] The processing device 530 determines whether
or not there is a request to perform special processing
different from normal operations, for example, process-
ing different from normal operation, due to intrusion of a
person, or the like, for example. If there is a request for
special processing, processing advances to step
S10100. If there is no instruction for special processing,
processing advances to step S10020.
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(Step S10020)

[0284] The processing device 530 determines whether
or not the communication device 550 has received data
from the mobile object 300. If the data is received from
the mobile object 300, processing advances to step
S10030. If no data is received from the mobile object
300, step S10020 is repeated.

(Step S10030)

[0285] When the data is received in step S10020, the
processing device 530 determines whether or not the
format of the received data is a data format for normal
processing. The data format for normal processing may
be a format including information on the position of the
object. The information on the position may be informa-
tion indicating a distance between the sensing device
100 and the object. If the format of the received data is
the data format for normal processing, processing ad-
vances to step S10040. If the format of the received data
is not the data format for normal processing, that is, when
it is a data format for detailed analysis, processing ad-
vances to the special processing in step S10100.
[0286] The data format for normal processing may be,
for example, the format illustrated in any of Figs. 14 to
17. In addition to the information illustrated in any of Figs.
14 to 17, a code indicating that it is the data format for
normal processing may be written at the beginning of the
data or at the beginning of data in each frame.

[0287] The data format for detailed analysis may be,
for example, the format illustrated in any of Figs. 39 to
42. The data format for detailed analysis includes the
spectrum information of interference waves, and may be
aformat that does not include information on the position
of the object. In addition to the information illustrated in
any of Figs. 39 to 42, a code indicating that it is the data
format for detailed analysis may be written at the begin-
ning of the data or at the beginning of data in each frame.

(Step S10040)

[0288] The processing device 530 acquires the posi-
tional information from the data received in step S10020.

(Step S10060)

[0289] The processing device 530 performs checking
of the point cloud data generated based on the positional
information acquired in step S10040 against the map da-
ta recorded in the storage device 540 to determine the
position of the mobile object 300.

(Step S10070)
[0290] The processing device 530 records the position

of the mobile object 300 and the data acquisition time
determined in step S10070, in the storage device 540.
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[0291] After the operation in step S10070, processing
returns to step S10010.

(Step S10100)

[0292] Next, an example of special processing of step
S10100 will be described.

[0293] Fig. 47 is a flowchart illustrating an example of
processing to be performed by the server 500 when input
of a signal is received indicating that a person has intrud-
ed a range of movement of the mobile object 300, as an
example of special processing. As illustrated in Fig. 47,
step S10100 includes the processing from steps S10110
to S10190. Hereinafter, the operation in each step will
be described.

(Step S10110)

[0294] Ifitis determined that special operation is nec-
essary that is different from normal operation of receiving
a result of ranging from the mobile object 300, the
processing device 530 determines whether or not a per-
son has intruded the range of movement of the mobile
object 300. If there is information or input that a person
has intruded the range of movement of the mobile object
300, processing advances to step S10120. If there is nei-
ther information nor input indicating that a person has
intruded the range of movement of the mobile object 300,
processing advances to step S10190.

(Step S10120)

[0295] The communication device 550 instructs the
communication device 550 to transmit, to the mobile ob-
ject300, a transmission request for data for detailed anal-
ysis that allows for analysis of the detailed data. The data
for detailed analysis may be, for example, data including
the detailed time information and the spectrum informa-
tion of the interference wave. The spectrum information
is a source data for generating positional and velocity
information, and the server 500 can perform a detailed
analysis based on the spectrum information.

(Step S10130)

[0296] The processing device 530 determines whether
or not data has been acquired from the mobile object
300. If the data has been acquired from the mobile object
300, processing advances to step S10140. If no data has
been acquired from the mobile object 300, step S10130
is repeated.

(Step S10140)

[0297] The processing device 530 determines whether
or not the data from the mobile object 300 acquired in
step S10130 is data for detailed analysis including the
spectrum information. If the acquired data is the data for
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detailed analysis, processing advances to step S10150.
If the acquired data is not the data for detailed analysis,
processing returns to step S10120.

[0298] Determination on a data format in step S10140
is performed based on a data format code included in
data transmitted from the mobile object 300. A data for-
mat code is predefined in the system, and may be written
as 0 for data for normal processing and as 1 for data for
detailed analysis, for example, at the beginning of trans-
mission data or at a fixed position close to the beginning.
[0299] Fig. 48Ais a diagram illustrating an example of
a data format of the data for normal processing. Fig. 48B
is a diagram illustrating an example of a data format of
the data for detailed analysis. Although Figs. 48A and
48B illustrate the data format in a method similar to the
method illustrated in Fig. 14, a writing method as illus-
trated in Fig. 16 may be adopted. In the example illus-
trated in Figs. 48A and 48B, following the mobile object
ID, the data format code is written in one byte. The data
format code indicates whether the data is data for normal
processing or data for detailed analysis.

(Step S10150)

[0300] When there is reflection from a physical object
in each emission direction, for each sensor, based on
the measurement value of the data for detailed analysis
acquired in step S10130 for each sensor, the processing
device 530 calculates a distance to the physical object
and calculates a velocity component vector of the phys-
ical object in that emission direction. The processing de-
vice 530 calculates a position of a data point from the
emission direction and the distance, and associates the
velocity component vector with that data point. This al-
lows the processing device 530 to generate point cloud
data including the velocity component information.

(Step S10160)

[0301] The processing device 530 detects a person
who is present around the mobile object 300, based on
the point cloud data including the velocity component in-
formation calculated | step S10150. A method of detect-
ing a person will be described below.

(Step S10170)

[0302] Among the point cloud data generated in step
S10150, the processing device 530 checks the point
cloud data, excluding the point cloud data included in the
cluster of the person detected in step S10160, against
the map data stored in the storage device 540, and de-
termines the position and the direction of the mobile ob-
ject 300.

(Step S10180)

[0303] The processing device 530 transforms the co-
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ordinates of the point cloud data for the person detected
in step S10160 into the coordinates of the map data in
the server 500, and causes the storage device 540 to
store the position of the person and the data acquisition
time together.

[0304] After the operation in step S10180, processing
returns to step S10110.

(Step S10190)

[0305] Ifthereisneitherinformation norinputindicating
that a person has intruded the range of movement of the
mobile object 300 in step S10110, the processing device
530 instructs the communication device 550 to transmit
a signal requesting data for normal processing to the mo-
bile object 300. After the operation in step S10190,
processing returns to step S10010 of normal operation.
[0306] Next, a description will be given of a specific
example of the person detection processing in step
S10160 with reference to Fig. 49. In the example of Fig.
49, step S10160includes steps S10161t0 S10167. Here-
inafter, the operation in each step will be described.

(Step S10161)

[0307] The processing device 530 performs the clus-
tering processing on the point cloud data including infor-
mation on the velocity component vector calculated in
step S10150. The processing device 530 classifies the
point cloud into one or more clusters by grouping points
that are close to each other as one cluster based on the
positional information of the point cloud.

(Step S10162)

[0308] The processing device 530 determines whether
or not the determination processing has been completed
for all clusters determined in step S10161 to determine
whether or not the cluster represents a person. If the
determination processing has been completed for all the
clusters, processing advances to step S10170. If there
are clusters for which processing of determining whether
the cluster represents a person has not yet been per-
formed, processing advances to step S10163.

(Step S10163)

[0309] The processing device 530 selects one cluster
from clusters for which processing of determining wheth-
er the cluster represents a person has not yet been per-
formed, among the clusters generated in step S10161.

(Step S10164)

[0310] For the clusters selected in step S10163, the
processing device 530 determines whether or not distri-
bution of positions of point cloud datain the cluster match-
es a predefined range of human sizes. If the distribution
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of the positions of the point cloud data in the cluster
matches the human size, processing advances to step
S10165. If the distribution of the positions of the point
cloud data in the cluster does not match the human size,
processing returns to step S10162.

(Step S10165)

[0311] The processing device 530 further performs
clustering on the point cloud data in the cluster based on
the velocity component vector of each point. The
processing device 530 classifies a plurality of points in-
cluded in the cluster into one or more partial clusters by
grouping points whose velocity component vectors are
similar into a smaller partial cluster.

(Step S10166)

[0312] As a result of the processing in step S10165,
the processing device 530 determines whether or not the
point clouds included in the cluster selected in step
S10163 has been divided into a plurality of smaller partial
clusters, based on the velocity information. If the point
clouds have been divided into the plurality of partial clus-
ters based on the velocity information, processing ad-
vances to step S10167. If the point clouds have not been
divided into the plurality of partial clusters based on the
velocity information, processing returns to step S10162.
[0313] In step S10164, a point cloud that may be a
person is discriminated by a cluster generated based on
the positional information of the point cloud. However,
because a human shape in the three-dimensional space
varies depending on the attitude and motion, it is difficult
to detect a person only based on the shape of a cluster.
On the other hand, due to motion, animals including hu-
mans have different directions and velocities of motion
for each body part. Hence, utilizing the fact that the sens-
ing device 100 can acquire the velocity information, the
processing device 530 of the present embodiment further
performs clustering on point clouds belonging to the clus-
ter based on the velocity information. Consequently,
when a point cloud clustered based on the positional in-
formation can be divided into smaller clusters based on
the velocity information, it can be determined that cluster
is highly likely to correspond to an animal such as a hu-
man.

[0314] Note that the processing device 530 in this ex-
ample determines whether or not that cluster corre-
sponds to a human, depending on whether or not a clus-
ter is further divided into a plurality of partial clusters
based on the velocity information, but the determination
may be made by using other methods. For example, the
processing device 530 may determine whether the clus-
ter corresponds to a human, based on the velocity infor-
mation of the point cloud included in the cluster, by using
a method of determining, based on a size of each partial
cluster, whether the partial cluster has been generated
that corresponds to either a central part, that is, the body
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trunk or a peripheral attached part, that is, any of a head
or limbs.

(Step S10167)

[0315] The processing device 530 detects, as a hu-
man, the cluster that has been the plurality of partial clus-
ters based on the velocity information. After the operation
in step S10167, processing returns to step S10162.
[0316] By repeating the processing from step S10162
o step S10167, the processing device 530 can determine
for all of the clusters generated in step S10161 whether
or not the cluster is a human.

[3-3-2. Operation of Mobile Object]

[0317] Next, a description will be given of the operation
related to data generation and transmission by the sens-
ing device 100 in the mobile object 300.

[0318] Fig. 50 is a flowchart illustrating an example of
the operation to generate and transmit data by the sens-
ing device 100 in a mobile object 300. When receiving a
start signal transmitted from the server 500 or other de-
vices, the mobile object 300 performs the operations of
steps S20010 to S20090 illustrated in Fig. 50. Hereinaf-
ter, the operation in each step will be described.

(Step S20010)

[0319] The processing circuit 110 of the sensing device
100 determines whether or not there is input of an oper-
ation end signal from the server 500 or other devices. If
there is the input of the operation end signal, the mobile
object 300 ends it operation. If there is no input of the
operation end signal, processing advances to step
S$20020.

(Step S20020)

[0320] The processing circuit 110 determines whether
or not the communication device 310 has received a re-
quest signal transmitted from the server 500 instructing
on the data format. If the request signal instructing on
the data format has been received, processing advances
to step S20030. If the request signal has not been re-
ceived, processing advances to step S20040.

(Step S20030)

[0321] The processing circuit 110 rewrites the setting
of output data of the sensing device 100 to the data format
indicated by the request signal. An initial value of the data
format may be the format for normal processing, for ex-
ample. If the data format indicated by the received re-
quest signal is data for detailed analysis, the processing
circuit 110 rewrites the data format from the format for
normal processing to the format for detailed analysis.
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(Step S20040)

[0322] The processing circuit 110 causes the light
source 210 of each sensor 200 in the sensing device 100
to emit laser light and performs measurements. Meas-
urements may be repeatedly performed, for example,
while changing the emission direction over one frame
period.

(Step S20050)

[0323] The processing circuit 110 acquires, as a meas-
urement result, a detection signal obtained by detecting
interference light from each sensor 200 in each emission
direction. The processing circuit 110 analyzes a wave-
form of each acquired detection signal and generates
spectrum data for each emission direction of each sensor
200. The spectrum data may be, for example, data on
power spectrum representing signal intensity of each fre-
quency band. The spectrum data is used to generate the
positional information and the velocity information of the
point cloud.

(Step S20060)

[0324] The processing circuit 110 determines whether
or not data for detailed analysis is requested. If the cur-
rently specified output data format is the data format for
detailed analysis, processing advances to step S20080.
If the currently specified data format is the data for normal
processing, processing advances to step S20070.

(Step S20070)

[0325] The processing circuit 110 generates the posi-
tional information of the object based on the spectrum
data of the interference light generated in step S20050.
Specifically, the processing circuit 110 identifies a peak
frequency from the spectrum data and calculates the dis-
tance to the object with the peak frequency as beat fre-
quency f,,, based on the expression (1) described above
with respect to Fig. 11A. The processing circuit 110 can
calculate the position of the data point in the three-di-
mensional space based on the calculated distance and
the information on the laser light emission direction of
the sensor 200 that has detected the interference light.
By performing this processing on each data point, it is
possible to generate point cloud data including the posi-
tional information of the three-dimensional point cloud.

(Step S20080)

[0326] The processing circuit 110 generates a data
string for transmitting the spectrum data of each interfer-
ence light generated in step S20050 or the point cloud
data generated in step S20070. The processing circuit
110 generates transmission data according to the cur-
rently specified data format. If the specified data format
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is the data format for normal processing, the processing
circuit 110 generates transmission data including the
point cloud data generated in step S20070. On the other
hand, if the specified data format is the data format for
detailed analysis, the processing circuit 110 generates
transmission data including the spectrum data generated
in step S20050.

[0327] The data format for normal processing may be
the format as illustrated in Fig. 48A, for example. In the
example of Fig. 48A, the mobile object ID and the code
indicating the data format are each written in one byte,
as checking data for the server 500 to identify reception
data. After that, as a measurement value, the number
points of the point cloud data to be transmitted is written
in one byte, followed by the detailed time indicated in five
bytes for each data point and information on three-di-
mensional position coordinate indicated in three bytes.
[0328] The data format for detailed analysis may be
the data as illustrated in Fig. 48B, for example. In the
example of Fig. 48B, the mobile object ID and the code
indicating the data format are each written in one byte,
as data for the server 500 to identify reception data. Fur-
thermore, the velocity vector representing the traveling
velocity of the mobile object 300 itself is written in two
bytes. The velocity vector of the mobile object may be
expressed in a coordinate system in which a predeter-
mined reference position in the mobile object 300 is the
origin. Here, it is assumed that the mobile object 300
moves only horizontally, so the velocity vector is written
in two bytes. If the mobile object 300 is a mobile object,
such as a drone, that moves up and down, the velocity
vector of the mobile object 300 may be written in three
bytes. Furthermore, as a fixed value indicating measure-
ment conditions, the number of sensors is written in one
byte, and the number of irradiation points for each sensor
is written in two bytes for the number of the sensors.
Then, the number of analysis points of the transmitted
spectrum data (that is, the number of points of the fre-
quency and the number of bands) and the corresponding
frequency range are each written in two bytes. Then, the
measurement data follows. The measurement data in-
cludes data sets of the detailed time (five bytes), the emis-
sion direction (two bytes), and the spectrum intensity in
the up-chirp and the spectrum intensity in the down-chirp
(one byte each for every analysis point) are included for
the number of times of emissions.

(Step S20090)

[0329] The communication device 310 transmits the
data for communication generated in step S20080 to the
server 500. After the operation in step S20090, process-
ing returns to step S20010.

[0330] By repeating the operations from step S20010
to step S20090, the mobile object 300 can transmit the
measurement data in the format according to the request
of the server 500.

[0331] As described above, in the present embodi-
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ment, as an example of special processing, when a per-
son intrudes, processing to detect the person is per-
formed. In the course of the person detection processing,
the server 500 requests the sensing device 100 in the
mobile object 300 to generate data for detailed analysis,
in order to generate velocity information thatis not utilized
in the normal processing. The sensing device 100 gen-
erates data including information on the light emission
direction and the power spectrum of the interference light
as the data for detailed analysis. Based on such data for
detailed analysis, the server 500 can generate detailed
point cloud data including the velocity information and
detect a person who has intruded, based on the point
cloud data.

[0332] Special processing may be performed for any
purpose other than person detection. For example, spe-
cial processing may be performed when it is necessary
to analyze the positions and operations of physical ob-
jects around the mobile object 300, such as when the
mobile object 300 transmits an abnormal signal, such as
a failure, to the server 500. In addition, the data for de-
tailed analysis is not limited to the spectrum information
of the interference light, and may include other types of
information that allows the position and the velocity of
the physical object to be derived. For example, as de-
scribed in Embodiments 1 and 2, the data for detailed
analysis may include the positional information and the
velocity vector information of the physical object detected
by the clustering processing.

[0333] In this manner, in the present embodiment, the
processing device 550 in the server 500 transmits a re-
quest signal requesting measurement data for detailed
analysis to the sensing device 100 of the mobile object
300, when abnormality is detected in the mobile object
300 itself or in an environment in which the mobile object
300 runs. The request signal specifies the data format of
the measurement data. The sensing device 100 that has
received the request signal generates the measurement
data having the data format specified by the request sig-
nal and transmits output data including the measurement
data to the server 500 via the communication device 310.
This allows the processing device 550 of the server 500
to perform detailed analysis of the surroundings of the
sensing device 100, which makes it easy to identify a
cause of the abnormality.

(Embodiment 4)

[0334] Next, a fourth embodiment of the present dis-
closure will be described.

[0335] Inthesystemsin Embodiments 1to 3, the server
500, which communicates with the sensing device 100
provided in the fixed body 400 or the mobile object 300,
monitors or records the conditions such as operations of
physical objects around the fixed body 400 or the mobile
object 300. In contrast, in the present embodiment, the
mobile object 300 capable of autonomous movementin-
cludes the sensing device 100 and a processing device
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that can perform arithmetic processing similar to the
above-described server 500. Within the mobile object
300, data is transmitted and received between the sens-
ing device 100 and the processing device. The process-
ing device generates positional information of surround-
ing physical objects based on the output data outputted
from the sensing device 100 and generates and outputs
a signal for controlling the operation of the mobile object
300 based on the positional information of the physical
object.

[0336] Fig. 51 is a block diagram illustrating a sche-
matic configuration of the mobile object 300 in the present
embodiment. The mobile object 300 includes the sensing
device 100 including one or more sensors 200, an input
device 360, a processing device 340, the controller 320,
the drive device 330, and a storage device 350. The mo-
bile object 300 may be a vehicle for riding, such as an
automobile equipped with the self-driving capability, or
an unmanned transport vehicle (Automated Guided Ve-
hicle: AGV) used for transporting goods in a factory or a
warehouse. The mobile object 300 is not limited to these
vehicles but may be a flying object such as a drone or a
robot.

[0337] The sensor200 uses laser lightto perform rang-
ing and velocity measurement of FMCW method. The
sensor 200 has a similar configuration to the sensor 200
illustrated in any of Figs. 8 to 10, for example. In the
example of Fig. 51, a plurality of sensors 200 is provided,
but the number of sensors 200 included in the sensing
device 100 may be one.

[0338] The input device 360 is a device for input an
instruction for the mobile object 300, such as starting or
ending operations. The input device 360 may include a
device such as a button, a lever, a switch, or a keyboard.
[0339] The processingdevice 340is adevice including
one or more processors (thatis, processing circuits) such
as a CPU or a GPU, and a storage medium such as a
memory. The processing device 340 can process sensor
data outputted from the sensor 200 and generate point
cloud data for the surrounding environment of the mobile
object 300. The processing device 340 can perform
processing to determine the operation of the mobile ob-
ject 300, such as detecting an obstacle based on the
point cloud data, and determining a course of the mobile
object 300. The processing device 340 transmits, for ex-
ample, a signal indicating the course of the mobile object
300 to the controller 320.

[0340] The controller 320 generates a control signal
and outputs the control signal to the drive device 330, in
order to implement the operation of the mobile object 300
determined by the processing device 340.

[0341] The drive device 330 operates according to the
control signal outputted from the controller 320. The drive
device 330 may include various actuating parts such as
an electric motor, wheels, or arms.

[0342] The storage device 350 is a device including
one or more storage media such as a semiconductor
storage medium, magnetic storage media, or optical stor-
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age media. The storage device 350 storage data related
to the operating environment and the operating condi-
tions necessary for the mobile object 300 to move, such
as the map data of the environment in which the mobile
object 300 moves.

[0343] Fig. 52 is a flowchart illustrating an example of
the operations of the mobile object 300. The mobile object
300 in this example performs the operations from step
S30010to S30100. Upon receipt of a start signal inputted
from the input device 360, the mobile object 300 starts
operating. Hereinafter, the operation in each step will be
described. In the following description, as an example, it
is assumed that the mobile object 300 is an AGV that
automatically travels according to guidelines marked on
the floor.

(Step S30010)

[0344] The processing device 340 determines whether
or not special processing different from normal operation
is required. The processing device 340 determines that
special processing is required, for example, when the
mobile object 300 is in some abnormal conditions. Ex-
amples of the abnormal conditions may include a condi-
tion in which running cannot be continued under normal
operation because guidelines are not detected on the
floor, a condition in which arrangement of surrounding
physical objects does not match the map data recorded
in the storage device 350, or a condition in which equip-
ment has failed. When special processing is required,
processing advances to step S30100. When special
processing is not required, processing advances to step
S$30020.

(Step S30020)

[0345] The processing device 340 causes the sensing
device 100 to perform ranging. Each sensor 200 in the
sensing device 100 emits laser light to measure a dis-
tance. The sensor 200 detects interference light between
light emitted from the light source and reflected light from
the physical object, and measures the distance to the
reflecting point of the physical object based on the fre-
quency of the interference light. The sensor 200 calcu-
lates three-dimensional coordinates of the reflecting
point based on the distance and information on the laser
light emission direction. The sensor 200 repeats the
above-described operations over the entire measure-
ment target area while changing the laser light emission
direction. As a result, the sensor 200 generates point
cloud data including positional information of each of the
plurality of reflecting points included in the target area.

(Step S30030)
[0346] The processing device 340 checks the point

cloud data generated by the sensor 200 in step S30020
against the map data recorded in the storage device 350,
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and determines the position of the mobile object 300 on
the map.

(Step S30040)

[0347] The processing device 340 transforms the co-
ordinates of each point in the point cloud data acquired
in step S30020 into coordinates in the coordinate system
used in the map data.

(Step S30050)

[0348] The processing device 340 generates the
course of the mobile object 300 according to the position
of the mobile object 300 determined in step S3 0030 and
the map data. For a position close to the mobile object
300, the processing device 340 determines, for example,
a detailed course where no collision with an obstacle oc-
curs, based on the point cloud data subjected to the co-
ordinate transformation in step S30040.

(Step S30060)

[0349] The controller 320 generates a control signal
for controlling the drive device 330 according to the
course generated by the processing device 340 in step
S30050.

(Step S30070)

[0350] The controller 320 outputs the control signal
generated in step S30060 to the drive device 330. The
drive device 330 operates according to the control signal.
After the operation in step S30070, processing returns
to step S30010.

[0351] By repeating the operations from step S30010
to step S30070, navigation of the mobile object 300 under
normal conditions without abnormality is realized.

(Step S30100)

[0352] If it is determined in step S30010 that special
processing is required, the mobile object 300 performs
special processing.

[0353] Fig. 53 is a flowchart illustrating a specific ex-
ample of operations in special processing in step
S30100. If abnormal condition is detected in step
S30010, the mobile object 300 performs the operations
from steps S30110 to S30220 illustrated in Fig. 53. Here-
inafter, the operation in each step will be described.

(Step S30110)
[0354] The processing device 340 instructs the con-

troller 320 to reduce the traveling velocity. This is to en-
sure safety under abnormal conditions.
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(Step S30120)

[0355] The controller 320 generates a control signal
for velocity reduction and outputs the control signal to
the drive device 330.

(Step S30130)

[0356] The drive device 330 operates according to the
control signal outputted from the controller 320 and re-
duces the velocity of the mobile object 300. For example,
the drive device 330 may stop the mobile object 300.

(Step S30140)

[0357] The processing device 340 requests each sen-
sor 200 of the sensing device 100 to generate data for
detailed analysis. Under normal conditions, the sensor
200 outputs point cloud data that can be checked against
the map data recorded in the storage device 350. Under
abnormal conditions, as the point cloud data cannot be
checked against the map data, the processing device
340 requests to each sensor 200 the point cloud data to
which the velocity information is attached, in order to ac-
quire detailed information necessary for operating with-
out referring to the map data.

(Step S30150)

[0358] The processing device 340 determines whether
or not the measurement data has been acquired from
the sensor 200. If the measurement data has been ac-
quired, processing advances to step S30160. If the
measurement data has not been acquired, step S30150
is repeated.

(Step S30160)

[0359] The processing device 340 determines whether
or not the format of the measurement data acquired from
the sensor 200 in step S30150 is the format for the data
for detailed analysis requested in step S30140. If the ac-
quired data is in the format for the data for detailed anal-
ysis, processing advances to step S30170. If the ac-
quired data is not in the format for the data for detailed
analysis, that is, if the acquired data is in the format for
the data for normal processing, processing returns to
step S30140.

[0360] By repeating step S30140 to step S30160, the
processing device 340 can acquired the data for detailed
analysis from the sensor 200.

(Step S30170)

[0361] The processing device 340 extracts the point
cloud data to which the velocity information is added for
each data point, from the data acquired from the sensor
200. The velocity information for each data point in the



79 EP 4 394 445 A1 80

present embodiment represents the relative velocity
component of the data point in the direction along the
straightline connecting the sensor 200 and the data point.

(Step S30180)

[0362] The processing device 340 performs clustering
on the point cloud data according to the positional infor-
mation of each data point. The clustering method is sim-
ilar to the method described in Embodiment 1. The clus-
tering makes it possible to identify physical objects (ob-
stacles or people, for example) that are present around
the mobile object 300.

(Step S30190)

[0363] For each cluster in the point cloud data clus-
tered in step S30180, the processing device 340 classi-
fies types of physical objects corresponding to clusters
based on the velocity information corresponding to each
data point included in the cluster. For example, the
processing device 340 checks a sign of the velocity in-
formation of each data point. If a direction moving away
from the mobile object 300 is a positive direction of the
velocity, a cluster having more data points whose velocity
information is smaller than 0 is likely to be a cluster cor-
responding to the physical object approaching the mobile
object 300. Therefore, the processing device 340 deter-
mines that such a cluster is a dangerous moving body,
and records information thereon. A cluster having more
data points whose velocity information is larger than 0 is
likely to be a physical object moving away from the mobile
object 300. Therefore, the processing device 340 deter-
mines that such a cluster is a moving object with a lower
degree of danger, and records information thereon. The
processing device 340 determines that a cluster having
the positive velocity information that is competing with
the negative velocity information or a cluster having more
data points whose velocity information is O is a stationary
object and stores it.

(Step S30200)

[0364] The processing device 340 generates a course
in a direction moving away from a point cloud position of
a cluster that has no data point and is determined as a
dangerous moving body.

(Step S30210)

[0365] The controller 320 generates a control signal
for controlling the drive device 330 according to the
course generated by the processing device 340 in step
S$30200.

(Step S30220)

[0366] The controller 320 outputs the control signal
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generated in step S30210 to the drive device 330. The
drive device 330 operates according to the control signal.
After the operation in step S30220, processing returns
to normal operation in step S30010.

[0367] Through the operations from step S30110 to
step S30220 it is possible to avoid danger and determine
a course, even in a case where, for example, guidelines
are not found on the floor. The mobile object 300 can
autonomously move while avoiding danger, for example,
until guidelines can be detected.

[0368] Fig. 54 is a flowchart illustrating another exam-
ple of the operations of the special processing in step
S30100. The operations of steps S30100 to S30130,
S30150, S30210, and S30220 in this example are similar
to the operations in the corresponding steps illustrated
in Fig. 53. In this example, the steps S30140, S30160,
and S30170 in the example of Fig. 53 are replaced with
steps S30340, S30360, and S30370, respectively, and
steps S30180 and S30190 are excluded. Hereinafter, dif-
ferent points from the operations illustrated in Fig. 53 will
be described.

(Step S30340)

[0369] The processing device 340 in this example re-
quests data forautonomous movement from each sensor
200, after the mobile object 300 is decelerated. The data
for autonomous movement is the point cloud data to
which hazard classification information of each point is
attached. The hazard classification information may be,
for example, a code for discriminating whether or not a
physical object corresponding to the pointis a dangerous
moving body. The hazard classification information may
be a code that represents the degree of danger of the
physical object corresponding to the point at a plurality
of levels. The hazard classification information may indi-
cate, for example, whether the physical object corre-
sponding to the pointis a dangerous moving body, a non-
dangerous moving body, or a stationary object.

(Step S30360)

[0370] When acquiring data from the sensor 200, the
processing device 340 determines whether or not the
data format thereof is the format of the data for autono-
mous movement. The processing device 340 can deter-
mine whether or not the data is the data for autonomous
movement, based on the code indicating the data format
included in the acquired data. If the acquired data is the
data for autonomous movement, processing advances
tostep S30370. If not, processing returns to step S30340.

(Step S30370)
[0371] The processing device 340 extracts the point

cloud data to which the hazard classification information
is added for each data point, from the acquired data.
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(Step S30380)

[0372] The processing device 340 generates a course
in a direction that is moving away from the data point to
which the code indicating the dangerous moving body is
added, and that has no data point.

[0373] Figs. 55 to 58 illustrate examples of the data
formats of the point cloud data to which the hazard clas-
sification information is added for each data point. Each
sensor 200 generates output data as illustrated in any of
Figs. 55 to 58 according to the request from the process-
ing device 340. In the present embodiment, data is trans-
mitted or received within the mobile object 300 and each
sensor 200 is connected to the processing device 340.
The sensing device 100 inputs the output data from a
plurality of the sensors 200 to the processing device 340
through different lines without aggregating the output da-
ta from the plurality of sensors 200. Therefore, checking
data such as IDs for identifying the sensors 200 and the
fixed values are omitted.

[0374] In the example illustrated in Fig. 55, a code in-
dicating the data format at the beginning is transmitted,
and then the number of data points in the point cloud is
transmitted. Subsequently, the detailed time, the three-
dimensional positional information, and the hazard clas-
sification are transmitted for the number of data points.
As illustrated in Fig. 55, in the present embodiment, the
velocity information of each point in the point cloud is not
transmitted from the sensor 200. Instead, the hazard
classification information on the point is transmitted as
meta data. The hazard classification may be code infor-
mation that expresses the degree of danger in a plurality
of levels, such as "0: Stationary object, 1: Normal moving
body, 2: Dangerous moving body" or "0: Non-dangerous
object, 1: Dangerous moving body".

[0375] Fig. 56 illustrates an example of a writing meth-
od when transmitting data similar to the example in Fig.
55 in XML format. Each sensor 200 may generate output
data indicated in the format illustrated in Fig. 56, instead
of the format illustrated in Fig. 55.

[0376] Fig. 57 illustrates an example of a data format
when transmitting information of the data point for each
hazard classification. Also in the example of Fig. 57, the
code indicating the data format is transmitted at the be-
ginning. Next, a data set of the hazard classification code,
the number of data points to which the hazard classifica-
tion is applied, and the detailed time and the three-di-
mensional positional information for the number of data
points is transmitted. The data set is transmitted for each
hazard classification code. Even in such a format, the
information similar to the examples in Figs. 57 and 58
can be transmitted.

[0377] Fig. 58 illustrates an example of the writing
method when transmitting the data similar to the example
in Fig. 57 in XML format. Each sensor 200 may generate
output data in the format illustrated in Fig. 58, instead of
the format illustrated in Fig. 57.

[0378] The processing of generating the point cloud
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data to which the hazard classification information as il-
lustrated in Figs. 55 to 58 is attached for each data point
is similar to the processing from steps S30170 to S30190
in Fig. 53 performed by the processing device 340.

(Embodiment 5)

[0379] Next, a fifth embodiment of the present disclo-
sure will be described.

[5-1. System Configuration]

[0380] Fig. 59 is a conceptual diagram schematically
illustrating an example of a system for performing cali-
bration of the sensing device 100 including the sensor
200. The system includes a calibration device 700, the
sensing device 100, and an object holding device 800.
The object holding device 800 is configured to be able
to install an object at a position at a known distance from
the sensing device 100. Although Fig. 59 exemplifies dis-
tance 1 (L4) and distance 2 (L,) by way of example, a
known distance at which the object holding device 800
holds an object may be 2 or larger. The sensor 200 emits
light to the object held by the object holding device 800
and receives light reflected by the object. The sensing
device 100 transmits the spectrum information of inter-
ference light between the light emitted from the light
source and the received reflected light to the calibration
device 700.

[0381] The calibration device 700 determines a value
of a parameter used in distance calculation and velocity
calculation, from the known distance of the object held
by the object holding device 800 and the spectrum infor-
mation of the interference light received from the sensing
device 100, and transmits the parameter to the sensing
device 100. By using the parameter, a distance meas-
urement value and a velocity measurement value of the
sensing device 100 are calibrated. The object is, for ex-
ample, a white board and placed parallel to alens surface
of the sensor 200. This arrangement scatters light emit-
ted from the sensor 200, and the scattered light efficiently
enters the lens of the sensor 200. As a result, the intensity
of the detected interference light increases relative to
noise, and the accuracy of calibration increases.

[0382] The calibration by this system is performed, for
example, when the sensor 200 is manufactured or
shipped. In addition, it may also be performed as re-cal-
ibration when the sensing device 100 including the sen-
sor 200 is installed or during an inspection. The sensor
200 is configured similarly to the configuration illustrated
in, for example, Fig. 8, 9, or 10.

[0383] The calibration that the calibration device 700
performs on the sensing device 100 is not limited to the
calibration of the distance measurement value or the ve-
locity measurement value. Other examples include
checking noise occurrence status when the distance or
velocity is measured and determining the measurement
conditions corresponding to noise, or the like. Examples



83 EP 4 394 445 A1 84

of the measurement conditions include a detection
threshold of the interference light, the number of times
of measurements when calculating the measurement
values, and the average number of times when calculat-
ing measurement values, or the like.

[0384] As described above, in the system of the
presentembodiment, the calibration device 700 acquires
the spectrum information measured at the first distance
and the spectrum information measured at the second
distance. Based on the acquired spectrum information,
the calibration device 700 determines parameters for cal-
culating the distance and the velocity from the frequency
of the interference light, and transmits the determined
parameters to the sensing device 100. The sensing de-
vice 100 receives the parameters transmitted from the
calibration device 700 and saves the acquired parame-
ters. This allows the sensing device 100 to generate and
output accurate distance and velocity from the spectrum
information of the measured interference light.

[0385] Note that here, although the distance at which
the object is held is the predefined distance, the calibra-
tion device 700 may instruct the object holding device
800 on a distance at which the object is held. Alterna-
tively, a distance at which the object is held may be de-
termined by user input. The object holding device 800
has a mechanism for changing a position to hold the ob-
jectso that the distance from the sensor 200 to the object
will be the instructed or input distance.

[0386] Note thatin the above example, the object hold-
ing device 800 automatically adjusts the position to hold
the object so that the distance between the sensor 200
and the object will be the determined value, but the object
holding device 800 may have a jig that does not operate.
In this case, a user may determine the distance between
the sensor 200 and the object, use the jig to set the dis-
tance between the sensor 200 and the object, and input
the setdistance in the calibration device 700. In this case,
communications only have to be performed between the
calibration device 700 and the sensing device 100, and
communication between the object holding device 800
and the calibration device 700 is not required. The cali-
bration device 700 stores the distance between the object
and the sensor 200 that is inputted by the user.

[0387] In addition, according to the above system, the
object holding device 800, the calibration device 700, and
the sensor 200 are each connected by direct wired com-
munication, and transmit and receive signals via a signal
line, while each of them may be connected via direct wire-
less communication or may be connected via a network.
[0388] Fig. 60 is a block diagram illustrated a more
detailed configuration of the system in the present em-
bodiment. Similarly to the configuration described using
Fig. 7, the sensing device 100 includes the one or more
sensors 200, the processing circuit 110, the communi-
cation circuit 120, and the storage device 130. The cali-
bration device 700 includes a processing circuit 710, a
communication circuit 720, and adisplay device 730. The
object holding device 800 includes a grasping device
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810, a communication circuit 820 and a storage device
830.

[0389] The processing circuit 710 of the calibration de-
vice 700 outputs a control signal for instructing a calibra-
tion operation to the communication circuit 720. The
processing circuit 710 also determines parameters
based on the acquired data and outputs the parameters
to the communication circuit 720 and the display device
730. The communication circuit 720 transmits the control
signal to the sensing device 100 and the object holding
device 800. The communication circuit 720 further re-
ceives measurement data outputted by the sensing de-
vice 100 and distance data of the object outputted by the
object holding device 800.

[0390] The grasping device 810 of the object holding
device 800 selects one of a plurality of predefined dis-
tances stored in the storage device 830, based on the
control signal outputted from the calibration device 700.
Furthermore, the grasping device 810 adjust a distance
from the collimator 223 of the sensor 200 to the object
based on the selected distance, and outputs a value of
the selected distance to the communication circuit 820.
The communication circuit 820 outputs the distance be-
tween the object and the collimator 223 of the sensor 200
to the calibration device 700.

[5-2. Operation]

[0391] Fig. 61 is a flowchart illustrating the calibration
operation in the system of the present embodiment. First,
a start signal of the calibration operation is inputted by
unillustrated input means to the calibration device 700,
and the calibration operation of the system is started.

(Step S40010)

[0392] In step S40010, the processing circuit 710 of
the calibration device 700 selects one sensor from the
sensors 200 included in the ranging sensor 100. The se-
lected sensor is a sensor that has been determined to
require calibration and for which calibration has not yet
been completed.

(Step S40020)

[0393] In step S40020, the processing circuit 710 of
the calibration device 700 determines whether or not the
necessary pieces of spectrum data for calibration are
stored. The spectrum data necessary for calibration is,
forexample, anumeric value of two or more values. Here,
itis assumed that the necessary pieces of spectrum data
are two. In step S40020, if the necessary pieces of spec-
trum data are stored, that is, if yes in step S40020,
processing advances to step S40080. In step S40020, if
the necessary pieces of spectrum data are not stored,
thatis, if no in step S40020, processing advances to step
S40030.
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(Step S40030)

[0394] In step S40030, the calibration device 700 out-
puts a control signal instructing holding of the object for
measurement to the object holding device 800.

(Step S40040)

[0395] In step S40040 the object holding device 800
select a distance at which the object has not yet been
held, from among pre-stored object distances stored in
the storage device 830, and holds the object at a position
where the distance between the sensor 200 and the ob-
ject is equal to the selected distance.

(Step S40050)

[0396] The object holding device 800 transmits the dis-
tance determined in step S40040 to the calibration device
700. In step S40050, the calibration device 700 receives
the signal outputted from the object holding device 800
and acquires the distance between the object and the
collimator 223 of the sensor 200.

(Step S40060)

[0397] In step S40060, the calibration device 700 out-
puts, to the sensing device 100, a control signal instruct-
ing the sensor 200 to perform ranging measurement on
the object. The control signal includes a signal specifying
the data format outputted by the sensing device 100, to-
gether with an instruction signal instructing starting of the
measurement. The specified data format is, for example,
the frequency of the spectral peak of the interference
light detected by the sensor 200.

(Step S40070)

[0398] Thesensingdevice 100 receives the control sig-
nal outputted by the calibration device 700 in step
S40060, and performs a measurement operation. The
measurement operation is similar to what has been de-
scribed the previous embodiments. That is, the sensor
200 emits laser with the periodically modulated frequency
toward the object, receives light reflected by the object,
and causes the reflected light to interfere with reference
light. Furthermore, the sensor 200 detects interference
light resulting from the interference, with the photodetec-
tor 230, and performs frequency-analysis on the detec-
tion signal to determine a spectral peak. In the example
illustrated in Fig. 41 of Embodiment 2, one or more fre-
quency peaks whose intensities exceed the predefined
threshold are treated as the spectral peaks, but the spec-
tral peak in the present embodiment refers to the fre-
quency having the maximum energy when the energy
for each frequency of the interference light is calculated.
The sensing device 100 aggregates data on the deter-
mined spectral peaks according to the predefined output
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format of the spectral peak and transmit the data to the
calibration device 700. In step S40070, the calibration
device 700 acquires the spectral peak data outputted by
the sensing device 100.

[0399] Fig. 62 is an example of the data format that
sensing device 100 transmits to the calibration device
700. In the data format illustrated in Fig. 62, for example,
as a fixed value, a code indicating that the output data is
the spectral peak data for calibration is indicated in one
byte. Then, the time when the measurementis performed
is indicated in five bytes, the identification number of the
sensor 200 to be calibrated is indicated in one byte, the
frequency of the spectral peak in up-chirp is indicated in
two bytes, and the frequency of the spectral peak in
down-chirp is indicated in two bytes. In Fig. 62, although
the data format is represented as a data string, data may
be in an output format conforming to XML format as in
Fig.40o0r42. After step S40070 is performed, processing
returns to step S40020.

[0400] By repeating the operations from step S40020
to step S40070, itis possible to acquire all spectrum data
necessary to determine the parameters for calculating
the distance.

(Step S40080)

[0401] In step S40080, the processing circuit 710 of
the calibration device 700 calculates parameters when
calculating the distance from the frequency of the spec-
tral peak.

[0402] A description is given of an example of process-
ing performed by the processing circuit 710 of the cali-
bration device 700. Based on the expression (1) men-
tioned above, a relationship between the holding dis-
tance L4, the holding distance L,, and the interference
light frequency is as illustrated in the expressions (4) and
(5), respectively. Here, fy4 and fy,, are the frequencies of
the spectral peaks of the interference light detected at
the holding distance L and the holding distance L, re-
spectively. f,1 may be an average value of the frequency
of the spectral peak in the up-chirp and the frequency of
the spectral peak in down-chirp detected at the holding
distance L4, or either one of the frequency of the spectral
peak in the up-chirp and the frequency of the spectral
peak in down-chirp. The same also applies to f,. Ais a
shift in the zero point of the distance caused by a differ-
ence in a length between a waveguide of the reference
light and a waveguide till the received reflected light in-
terferes with the reference light, in the actual interference
optical system, and is a constant defined for each inter-
ference optical system. In addition, symbols that are the
same as those in the expression (1) have the same mean-
ings.

Li=c bel/(AfX fFMCW) X (1/4)+A (4)
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Lo=cxfoo/(Afxfrmew)* (1/4)+A (5)
[0403] As the holding distance L4 and the holding dis-
tance L, have known values, the processing circuit 710
of the calibration device 700 can calculate Af and A using
expression (4) and expression (5).

(Step S40090)

[0404] In step S40090, the calibration device 700
transmits Af and A determined in step S40080 to the
sensing device 100 via the communication circuit 720.
The Af and A are the parameters when calculating the
distance from the frequency of the spectral peak. During
subsequent measurement operations, the sensing de-
vice 100 calculates the distance using the detection sig-
nal of the interference light acquired by the sensor 200
and the parameters. The values of Af and A being updat-
ed, the sensing device 100 and the sensor 200 are cal-
ibrated.

[5-3. Effects, etc.]

[0405] As described above, in the system in the
presentembodiment, calibration of the sensor 200 is eas-
ily performed, so that ranging can be achieved and main-
tained with high accuracy.

[0406] Note that the operation when calibrating one of
the sensors 200 is described here, but a plurality of the
sensors may be calibrated. Data for calibration may be
transmitted or received for each sensor or transmitted or
received collectively for a plurality of sensors.

[0407] In the system of the present embodiment, the
calibration device 700 transmits, to the sensing device
100, the control signal specifying output of a spectral
peak that is an example of the spectrum information of
interference light. The sensing device 100 outputs the
spectral peak information to the calibration device 700,
according to the specified data format. This allows the
calibration device 700 to calibrate parameters when con-
verting the spectrum information of interference light de-
tected by the sensor 200 into distance or velocity. Use
of the spectrum information as raw data before calculat-
ing distance or velocity makes it possible to easily per-
form calibration of the parameters when calculating dis-
tance or velocity by using the frequency analysis of in-
terference light. Such a calibration may be performed in
scenes such as when the sensing device 100 is installed,
when there is a change in the usage environment of the
sensing device 100, during maintenance for abnormality
in the sensing device 100, or during regular maintenance
of the sensing device 100, or the like, as well as when
the sensing device 100 is shipped.

[0408] As described above, according to the system
of the present embodiment, calibration can be easily per-
formed for deterioration of the measurement accuracy of
100 of the ranging device due to age deterioration in the
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laser characteristics, or the like, so that high reliability of
measurements of the sensing device 100 can be main-
tained.

(Modification Example 1 of Embodiment 5)

[0409] Next, Modification Example 1 of the fifth em-
bodiment of the present disclosure will be described.
[0410] In the fifth embodiment, the spectral peak, that
is, the value of the frequency that showed the maximum
energy in the measurement frequency range was used
as the data format of the spectrum information outputted
from the sensing device 100 to the calibration device 700.
In this modification example, a power spectrum is used
as the data format of the spectrum information. As de-
scribed with reference to Figs. 39 and 40 in Embodiment
2, the power spectrum is a value that represents energy
of each frequency in the measurement frequency range.
A configuration of the system in this modification example
is similar to the configuration described using Figs. 59
and 60.

[0411] Fig. 63 is a flowchart illustrating operations of
the system in this modification example. In this modifica-
tion example, the calibration device 700 calibrates an
extraction threshold of the spectral peak of the sensing
device 100 based on the noise state of interference light,
which is one of internal states of the sensing device 100.
In the operations of Embodiment 5 illustrated in Fig. 61,
the pieces of data each measured at two different dis-
tances were used for calibration, while in this modification
example, data measured at one distance is used. For
this reason, the operation in step S40020 is not included
in Fig. 63. The operations from step S40010 and step
S40030 to step S40050 in Fig. 63 are similar to the op-
erations in Fig. 61, and thus a description thereof will be
omitted.

(Step S41060)

[0412] In step S41060, the calibration device 700 out-
puts a control signal instructing the sensing device 100
to perform measurement. The control signal includes a
signal such as a sensor number for specifying the sensor
determined in step S40010 and a signal specifying the
data format to be outputted. As described earlier, the
power spectrum is specified as the output data format in
this modification example. The sensing device 100 ac-
quires the control signal from the calibration device 700
through the communication circuit 120.

(Step S41070)

[0413] Thesensing device 100 receives the control sig-
nal outputted by the calibration device 700 in step S41060
and performs the measurement operation. The sensing
device 100 determines a power spectrum by frequency-
analyzing interference light detected by the photodetec-
tor 230. The data format of the power spectrum is, for
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example, similar to the format illustrated in Fig. 39 or 40
of Embodiment 2. The sensing device 100 aggregates
the determined power spectrum data according to a pre-
defined power spectrum output format and transmits the
data to the calibration device 700. In step S41070, the
calibration device 700 acquires the power spectrum data
transmitted by the sensing device 100.

[0414] Note that the data format illustrated in Fig. 39
or 40 of Embodiment 2 includes the position of the sens-
ing device 100 and the direction of the sensing device
100 as the fixed values, in order to convert the output
data from the sensing device 100 into a point cloud. In
this modification example, data not necessary for cali-
bration may be excluded from the output data.

[0415] In addition, in the data format illustrated in Figs.
39 and 40, for each frame, the power spectrum data for
each laser light emission direction in the frame is contin-
uously outputted, and further, data for a plurality of frames
is continuously outputted, while in this modification ex-
ample, two power spectra acquired in one measurement,
that is, the up-chirp power and the down-chirp power
spectrum, are acquired. This corresponds to, for exam-
ple, data from s 4 to sy, in ONe emission direction n,
illustrated in Fig. 40.

(Step S41080)

[0416] In step S41080, the processing circuit 710 of
the calibration device 700 calculates standard power of
noise based on the power spectrum values acquired from
the sensing device 100. Then, the processing circuit 710
determines a value exceeding the standard power of
noise, as the extraction threshold of the spectral peak.
The extraction threshold of the spectral peak is deter-
mined for each of up-chirp and down-chirp. The determi-
nation of the threshold may be determined based on a
value inputted by the user through the unillustrated input
means. At this time, the calibration device 700 displays
the power spectrum through the display device 730.

(Step S41090)

[0417] In step S41090, the calibration device 700
transmits the extraction thresholds of the spectral peaks
for up-chirp and down-chirp, respectively, with respect
to the sensing device 100 determined in step S41080.
The extraction thresholds of the spectral peaks are ex-
amples of the parameters for calibrating the sensing de-
vice 100 in this modification example. In subsequent
measurement operations, the sensing device 100 can
acquire the spectral peak of interference light accurately
by using the extraction thresholds and distinguishing the
spectral peak of interference light from the peak due to
noise.

[0418] Note thatthe data format of the power spectrum
only has to include a frequency for each data point or a
numeric value corresponding to the frequency, and in-
tensity for each data point for the number of data points.
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[0419] According to a calibration system of this modi-
fication example, the user or the calibration device 700
can confirm a noise state of the interference light by
checking S/N on the power spectrum. This makes it pos-
sible to determine presence or absence of abnormality
in the sensor 200 or necessity of adjustment, and also
facilitates identification of a cause of abnormality. There-
fore, adjustment of the sensing device 100 at the time of
shipment, adjustment at the time of maintenance, or re-
pair at the time of maintenance is facilitated.

(Modification Example 2 of Embodiment 5)

[0420] Next, Modification Example 2 of the fifth em-
bodiment of the present disclosure will be described.
[0421] In the fifth embodiment and Modification Exam-
ple 1, the sensing device 100 outputs the spectrum in-
formation such as the spectral peak or the power spec-
trum, according to the specification of the data format
included in the control signal outputted by the calibration
device 700. In contrast, in this modification example, the
calibration device 700 outputs a control signal specifying
an interference light waveform as the output data format,
and the sensing device 100 outputs data on the interfer-
ence light waveform according to the received control
signal. The data on the interference light waveform is
generated by digitizing the waveform of the interference
light outputted from the detector 230 of the sensor 200.
A configuration of the system of this modification example
is similar to the configuration described using Figs. 59
and 60.

[0422] Fig. 64 is a flowchart illustrating the operations
of the system of this modification example. In this mod-
ification example, the calibration device 700 creates a
correction value that corrects a sampling interval when
fast Fourier-transforming the interference light waveform
based on the interference light waveform acquired from
the sensing device 100, and transmits the correction val-
ue to the sensing device 100. The sensing device 100
uses the correction value to correct a sampling interval
when fast Fourier-transforming the detection signal of
the photodetector 230. The correction value is, for exam-
ple, a correction value for correcting nonlinearity of the
light emitting element 212 included in the sensor 200.
The operations in step S40010, and from steps S40030
to S40050 in Fig. 64 are similar to Figs. 61 and 63, and
thus a description thereof will be omitted.

(Step S42060)

[0423] In step S42060, the calibration device 700 out-
puts a control signal instructing the sensing device 100
to perform measurement. The control signal includes a
signal such as a sensor number for specifying the sensor
determined in step S40010 and a signal specifying the
output data format. The interference light waveform is
specified as the output data format in this modification
example 2. The sensing device 100 acquires the control
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signal from the calibration device 700 through the com-
munication circuit 120.

(Step S42070)

[0424] Thesensingdevice 100 receives the control sig-
nal outputted by the calibration device 700 in step S42060
and performs the measurement operation. The sensing
device 100 cuts out a waveform in a predefined section
from the interference light detected by the photodetector
230. The cut-out waveform is, for example, a signal value
digitized every fixed period of time. The sensing device
100 groups the cut-out interference light waveforms ac-
cording to the predefined output format, and transmits
the waveforms to the calibration device 700. In step
S42070, the calibration device 700 acquires data on the
interference light waveform transmitted by the sensing
device 100.

[0425] Fig. 65 is an example of a data format when
transmitting and receiving the interference light wave-
form. In the example of Fig. 65, the number of the sensors
200 included in the sensing device 100, the type of data
to be transmitted, the number of data points of the inter-
ference light waveform, the sampling frequency when
digitizing the interference light waveform, and environ-
ment information are written as the fixed values. Further-
more, as data for each sensor, the time of data acquisi-
tion, and the number of the sensor, followed by signal
values for each data point of the interference light wave-
form in up-chirp are written for the number of interference
light waveform data points written as the fixed values.
Then, signal values for each data point of the interference
light waveform in down-chirp is written for the number of
data points, similarly to up-chirp. Note that the dataformat
ofthe interference light waveform may be any data format
as far as the receiving side can reproduce the interfer-
ence light as a time waveform. The order and the writing
method of data are not limited to the format described
above.

(Step S42080)

[0426] In step S42080, the processing circuit 710 of
the calibration device 700 generates a correction value
that corrects a sampling interval when fast Fourier-trans-
forming the interference light waveform based on the in-
terference light waveform data acquired from the sensor
200 to be calibrated. The correction value is determined
so that distortion of interference light waveform due to
nonlinearity of the light emitting element 212 can be cor-
rected, for example. In addition, the correction value is
determined for each of the up-chirp waveform and the
down-chirp waveform.

(Step S42090)

[0427] In step S42090, the calibration device 700
transmits the correction values for up-chirp and down-
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chirp, respectively, determined in step S42080 to the
sensing device 100. The correction values are examples
of the parameters for calibrating the sensing device 100
in this modification example.

[0428] During subsequent measurement operations,
the sensing device 100 performs the fast Fourier trans-
formation when performing the frequency analysis on the
detection signal of the detector 230 based on the correc-
tion values. This allows the sensing device 100 to correct
the distortion of the interference light waveform due to
the nonlinearity of the light emitting element 212 to per-
form measurement with high accuracy.

[0429] As described above, according to the calibra-
tion system of this modification example, it is possible to
easily correct the distortion of the interference light wave-
form due to differences in characteristics of each com-
ponent of the light emitting element 212 or age deterio-
ration of the light emitting element 212.

Industrial Applicability

[0430] The techniques of the present disclosure can
be widely used in devices or systems that acquire posi-
tional information of physical objects by sensing the sur-
rounding environment. For example, the techniques of
the present disclosure can be used in devices or systems
that utilize FMCW LiDAR.

Reference Signs List

[0431]

100 sensing device

110  processing circuit
120 communication circuit
130 storage device

200 sensor

210  light source

211 drive circuit

212  light emitting element
220 interference optical system
221 divider

222 mirror

223  collimator

230 photodetector

240  processing circuit
250  clocking circuit

300 mobile object

310  communication device
320  controller

330  drive device

340 processing device
350 storage device

360 input device

400 fixed body

500 server

510 input device

520  output device
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530 processing device

540  storage device

550 communication device
600  network

Claims

1. A sensing device comprising:

alight source that emits light with modulated fre-
quencies;

an interference optical system that separates
the light emitted from the light source into refer-
ence light and output light and generates inter-
ference light between reflected light and the ref-
erence light, the reflected light being generated
by the output light being reflected at a reflecting
point of a physical object;

a photodetector that receives the interference
light and outputs a detection signal according to
intensity of the interference light; and
aprocessing circuit that processes the detection
signal, wherein

the processing circuit selects a specific data for-
mat from a plurality of data formats, the process-
ing circuit being capable of outputting the data
formats, generates, based on the detection sig-
nal, measurement data having the specific data
format that is selected, and outputs output data
including the measurement data.

The sensing device according to claim 1, wherein
the processing circuit generates positional informa-
tion of the reflecting point based on the detection
signal and generates the measurement data includ-
ing the positional information.

The sensing device according to claim 1 or 2, where-
in the processing circuit generates velocity informa-
tion of the reflecting point based on the detection
signal and generates the measurement data includ-
ing the velocity information.

The sensing device according to claim 3, wherein
the velocity information is information indicating a
relative velocity vector of the reflecting point with re-
spect to the sensing device or a component of the
relative velocity vector in a direction along a straight
line connecting the sensing device and the reflecting
point.

The sensing device according to any one of claims
1 to 4, wherein the processing circuit generates
spectrum information of the interference light based
on the detection signal and generates the measure-
ment data including the spectrum information.
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9.
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1.

12.

13.
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The sensing device according to claim 5, wherein
the spectrum information includes information on a
power spectrum of the detection signal or a peak
frequency of the power spectrum.

The sensing device according to any one of claims
1 to 4, wherein the processing circuit generates
waveform data of the interference light based on the
detection signal and generates the measurement
data including the waveform data.

The sensing device according to any one of claims
1 to 7, wherein the processing circuit:

generates positional information and velocity in-
formation of the reflecting point based on the
detection signal;

generates information indicating a degree of
danger of the physical object based on the ve-
locity information; and

generates the measurement data including the
positional information and the information indi-
cating the degree of danger.

The sensing device according to any one of claims
1 to 8, wherein the processing circuit:

generates positional information and velocity in-
formation of each of a plurality of reflecting
points irradiated with the output light;

divides the plurality of reflecting points to one or
more clusters based on the positional informa-
tion and determines one velocity vector for each
cluster based on the velocity information of three
or more reflecting points included in each clus-
ter; and

generates the measurement data including in-
formation indicating the velocity vector of each
cluster.

The sensing device according to any one of claims
1 to 9, wherein the processing circuit includes iden-
tification information indicating the specific data for-
mat in the output data and outputs the output data.

The sensing device according to any one of claims
1 to 10, wherein the processing circuit selects the
specific data format from the plurality of data formats
according to a request signal inputted from another
device.

The sensing device according to any one of claims
1to 9 further comprising a communication circuit that
transmits the output data to the other device.

A method comprising:

obtaining output data including measurement
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data, from one or more sensing devices includ-
ing a light source that emits frequency-modulat-
ed light; an interference optical system that sep-
arates the light emitted from the light source into
reference light and output light and generates
interference light between reflected lightand the
reference light, the reflected light being gener-
ated by the output light being reflected at a re-
flecting point of a physical object; a photodetec-
tor that receives the interference light and out-
puts a detection signal according to intensity of
the interference light; and a processing circuit
that generates the measurement data based on
the detection signal;

discriminating a data format of the measurement
data; and

generating positional information of the physical
object by applying arithmetic processing accord-
ing to the data format that is discriminated to the
measurement data.

The method according to claim 13 further comprising
generating velocity information of the physical object
by applying the arithmetic processing according to
the data format that is discriminated to the measure-
ment data.

The method according to claim 13 or 14 further com-
prising generating velocity vector information of the
physical object based on velocity component infor-
mation, when the data format of the measurement
data is a data format that includes the velocity com-
ponent information indicating a component of the rel-
ative velocity vector in a direction along a straight
line connecting the sensing device and the reflecting
point.

The method according to any one of claims 13 to 15,
wherein

the measurement data includes positional infor-
mation and velocity information of each of a plu-
rality of reflecting points irradiated with the out-
put light, and

the method comprises dividing the plurality of
reflecting points to one or more clusters based
on the positional information, determining one
velocity vector for each cluster based on the ve-
locity information of three or more reflecting
points included in each cluster, and outputting
information on the velocity vector of each cluster
as velocity vector information of the physical ob-
ject.

The method according to any one of claims 13 to 16,
wherein

the one or more sensing devices are a plurality
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of sensing devices,

the output data acquired from each of the plu-
rality of sensing devices includes information in-
dicating positions and orientations of the sens-
ing devices, and

the positional information of the physical object
is generated based on the information indicating
the positions and the orientations of the plurality
of sensing devices.

The method according to any one of claims 13 to 17
comprising generating the positional information of
the physical object and velocity vector information
of the physical object based on spectrum informa-
tion, when the data format of the measurement data
is a data format including the spectrum information
of the detection signal.

The method according to claim 18, wherein the spec-
trum information includes information on a power
spectrum of the detection signal or a peak frequency
of the power spectrum.

The method according to any one of claims 13 to 19
comprising generating the positional information of
the physical object and velocity vector information
of the physical object, based on power spectrum in-
formation or peak frequency information, when the
data format of the measurementdata is a data format
that includes the power spectrum information indi-
cating a power spectrum of the detection signal or a
data format that includes the peak frequency infor-
mation indicating a peak frequency of the power
spectrum of the detection signal.

The method according to any one of claims 13 to 20
further comprising transmitting a request signal
specifying the data format of the measurement data
to the one or more sensing devices.

The method according to claim 21, wherein

the one or more sensing devices are mounted
on a mobile object, and

the request signal is transmitted to the one or
more sensing devices when abnormality is de-
tected in the mobile object itself or in an envi-
ronment in which the mobile object runs.

The method according to any one of claims 13 to 22,
wherein

the output data includes identification informa-
tion indicating the data format of the measure-
ment data, and

the discrimination of the data format is per-
formed based on the identification information.
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24. The method according to any one of claims 13 to 20
further comprising outputting a signal for controlling
operations of a mobile object based on the positional
information of the physical object.

25. The method according to claim 13 comprising:

generating parameters for calibrating the sens-
ing device based on the measurement data; and
transmitting the parameters to the sensing de-
vice.

26. A processing device comprising:

a processor; and

a memory storing a computer program that is
executed by the processor, wherein

the processor performs:

obtaining output data including measure-
ment data, from one or more sensing devic-
es including a light source that emits fre-
quency-modulated light; aninterference op-
tical system that separates the light emitted
from the light source into reference light and
output light and generates interference light
between reflected light and the reference
light, the reflected light being generated by
the outputlightbeingreflected atareflecting
point of a physical object; a photodetector
that receives the interference light and out-
puts a detection signal according to inten-
sity of the interference light; and a process-
ing circuit that generates the measurement
data based on the detection signal;
discriminating a data format of the meas-
urement data; and

generating positional information of the
physical object by applying arithmetic
processing according to the data format that
is discriminated to the measurement data.
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FIG. 16

FIXED VALUE: POSITION; DIRECTION, NUMBER OF SENSORS

REFERENCETIME : YYYY-MM-DD-hh:mm

TIME INFORMATION tO: st pisec *DIFFERENCE FROM REFERENCE TIME
TIME INFORMATION t1: st, psec

TIME INFORMATION t(N-1): st,., Hsec

VELOCITY FORMAT = vt *FORMAT OF VELOCITY INFORMATION IN THE FRAME

TOTAL NUMBER OF POINTS : NumOfPoint  *NUMBER OF POINTS IN FRAME

PONT PO: (x0,y0,z0,t0,vx0,vy0,vz0) *POSITIONAL INFORMATION+TIME ID+VELOCITY INFORMATION
PONTP1: (x1,y1,z1,t0,vx1,vy1l,vzl)

PONTP2: (x2,y2,z2,t1,vx2,vy2 vz 2)

PONT Pn: (xn,yn,zn,tm,vxk,vyk,vzk)

FIG. 17

FIXED VALUE: POSITION, DIRECTION, NUMBER OF SENSORS
REFERENCETME : YYYY-MM-DD-hh:mm
TIME INFORMATION tO: st psec

TIME INFORMATION t1: st; pisec

TIME INFORMATION £(N-1): st.; Hsec
CLUSTERVELOCITY vO : (vx0,vy0,vz0)
CLUSTERVELOCITY v1 @ (vx1,vy1,vz1)

CLUSTERVELOCITY vk = (vxk,vyk,vzk)
TOTALNUMBER OF POINTS : NumOfPoint
PONT PO: (x0,y0,z0,t0,v0)

PONT P1: (x1,y1,z1,t0,v1)

PONT P2: (x2,y2,z2,t1,v1)

PONT Pn: (xn,yn,zn,tm,vk)
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FIG. 31
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FIG. 40

FIXED VALUE: POSITION; DIRECTION, NUMBER OF SENSORS, DATA TYPE, NUMBER OF SPECTRUM POINTS, FREQUENCY RANGE
REFERENCE TIME : YYYY-MM-DD-hh:mm

TIME INFORMATION t0:: st,, psec  *DIFFERENCE FROM REFERENCE TIME

TIME INFORMATION t1: st; usec

TIME INFORMATION t(N-1): sty.; Hsec

EMISSION DIRECTION PARAMETERS: NUMBER OF STEPS INx-AXIS, NUMBER OF STEPS INy-AXIS, x-AXIS VIEWING ANGLE,
y-AXIS VIEWING ANGLE

DATAFORMAT : vt *DATATYPE INTHE FRAME (VELOCITY /POWER SPECTRUM/SPECTRAL PEAK)
NUMBER OF IRRADIATION POINTS : NumOfPoint  *NUMBER OF IRRADIATION POINTS IN FRAME
EMISSION DIRECTION 0 (dy, dgzs o Qogy 10, Sypp8yp Sup " Sulm £ SqreSgrz Sgrn "M S4tm)
EMISSION DIRECTION 1: (dy;, iy, 0y, Gy 0, 8280 " 85 " Sutm 1 Sgo1:Sqp T S " S¢2n)
EMISSION DIRECTION 2 : (d,;, d5, O3, Goay 11, 831830 = S Syam + SaaSam Sgp T Siim)

EMlSSlON DlRECTlON n. (dnll dn21 dn3r dn4l tN-lf SuntsSume """ Su """ Sunm 7 St Sy T Snp sdnm)
*EMISSION DIRECTION PARAMETER +TIME ID+SPECTRUM DATA
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FIG. 42

FIXED VALUE: POSITION; DIRECTION, NUMBER OF SENSORS, DATATYPE
REFERENCE TIME: YYYY-MM-DD-hh:mm

TIME INFORMATION t0: st psec  *DIFFERENCE FROM REFERENCE TIME
TIME INFORMATION t1: st, usec

TIME INFORMATION £(N-1): sty,.; Hsec

EMISSION DIRECTION PARAMETERS: NUMBER OF STEPS IN x-AXIS, NUMBER OF STEPS INy-AXIS, x-AXIS VIEWING ANGLE,
y-AXIS VIEWING ANGLE

DATAFORMAT: vt *DATATYPE IN THE FRAME (VELOCITY/POWER SPECTRUM/SPECTRAL PEAK)
NUMBER OF IRRADIATION POINTS : NumOfPoint  *NUMBER OF IRRADIATION POINTS IN FRAME
NUMBER OF PEAKS : M *NUMBER OF SPECTRAL PEAKS

EMISSIONDIRECTION 0: (dlnr doz: d03r d04, t0, fiibuy fupaPusz oo FuPumt s Fannarre TanPap fymPam)
EMISSION DIRECTION L: (d11/ d12r d13, d14/ t0, frPun faPipp fawPam + o faPigee deM’pd2M)
EMISSIONDIRECTION 2 & (dyy, €y, s, d24r tL, fanPu faoPup P+ FarPase TooPae " FiauPa)

EMlSSION DIRECﬂON n. (dnlf dn2! dn31 dn4f tN-l fun1'punl' funZ!punZ' IIIIII funM'punM ! |:drﬂ'pdm' fdn2'pdn2' ''''' fan'pan)

*EMISSION DIRECTION PARAMETER+TIME ID+PEAK FREQUENCY AND INTENSITY AT PEAK
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FIG. 43
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FIG. 45
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